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"(...) Practicing transfusion is simply
imitated Nature that, to nourish the fetus in
the womb, make a continuous mother blood
transfusion in the body of the baby through

the umbilical vein™
Jean-Baptiste Denis (1620-1704)
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ABSTRACT OF PAPERS

Produced during PhD and Post graduated course

1. Rizzo C., Vetro R., Vetro A., Mantia R., lovane A., Di Gesu M., Vasto
S., Di Noto L.,Mazzola G., Caruso C. The role of platelet gel in osteoarticular
injuries of young and old patients. Immunity and Aging 2014, 11:21.

ABSTRACT

Background: The use of autologous platelet gel in orthopedics is effective in
accelerating the healing process of osteochondral, muscle, tendon and ligament
lesions. The aim of our study was to verify whether the variability in response to
infiltration with platelet gel was dependent on the underlying disease treated, sex
and age of the patients. During four years, 140 patients have been treated for
musculoskeletal injuries by infiltration of gel platelet and lysate platelet obtained
from autologous thrombin, with echo-ultrasound guided. The response to
treatment was assessed at different time points TO, T1, T2 with respect to pain
estimation (VAS), joint mobility (ROM scale) and echo-ultrasound evaluation.
This data collection has allowed classifying the response to treated lesions in
three categories: NR (no response), PR (partial response), CR (complete
response). Results: The data here reported showed that the ability to physical
recovery response is evident in tendon injuries, while the large joints injuries
gave a poor response. Almost all patients showed a significant pain relief after
the first infiltration, but in terms of echo-ultrasound evaluation and tissue repair,
only the muscle and tendon injuries showed hyper echoic areas, signs or
evidences of repair. Concerning the correlation between response to infiltration
with platelet gel and gender/age of the patients, the clinical results appear not
influenced by the age and the gender of the patient. Discussion: Our data
indicate that, pain relief and ability to physical recovery of muscles, tendons and

ligaments depend on tissue repair clearly visible by echo ultrasound evaluation.
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On the other hand tissue repair seems not occur in the large joints (hip and knee)
where arthritis and /or corrosion of articular cartilage cannot be repaired and the
only relief is exclusively linked to the reduction of periarticular inflammation

(reduction of the inflammatory leakage and signs).

2. Rizzo C., Caruso C, Vasto S. Possible role of ABO system in age-
related diseases and longevity: a narrative review. Immunity & Ageing 2014,
11:16.

ABSTRACT.

ABO blood group antigens are expressed either on the surface of red blood
cells either on a variety of other cells. Based on the available knowledge of the
genes involved in their biosynthesis and their tissue distribution, their
polymorphism has been suggested to provide intra species diversity allowing to
cope with diverse and rapidly evolving pathogens. Accordingly, the different
prevalence of ABO group genotypes among the populations has been
demonstrated to be driven by malaria selection. In the similar manner, a
particular ABO blood group may contribute to favor life-extension via biological
mechanisms important for surviving or eluding serious disease. In this review,
we will suggest the possible association of ABO group with age-related diseases
and longevity taking into account the biological role of the ABO

glycosyltransferases on some inflammatory mediators as adhesion molecules.

3.Rizzo C., Accardi G., Caruso C. Genetic Variation in Human Leukocyte
Antigen and Susceptibility to Acute Myeloid Leukemia. Acta Haematol. 2014
Sep 27;133(2):162-163

EXCERPTA

In this issue of Acta Haematologica , the authors report the association

between the human major histocompatibility complex (MHC) human leukocyte



antigen (HLA)-C3 and acute myeloid leukemia in the Korean population,
confirming previous studies on the association between HLA-C and acute
myeloid leukemia [1] . Following the demonstration by Lilly et al. [2] in 1964 of
the increased risk of spontaneous or virus-induced leukemia in congenic mice
with the H-2K (the MHC in mice), it is now over 40 years since the first
associations between particular HLAs and leukemia and lymphoma diseases
were described. These include a cross-reactive group of HLA-B and Hodgkin’s
disease, HLA-A2 and acute lymphocytic leukemia (ALL) [3] . Over time, many
studies on the association between HLA and the different kinds of leukemia
have been performed showing contrasting results [3] . Following these
pioneering studies, a broad spectrum of immune-mediated diseases, certain
malignancies, longevity, infectious diseases, and adverse reactions to some
drugs have been shown to be associated with allelic variants of HLA [4, 5] . So
far, there appear to be no striking leukemia genetic susceptibility loci in HLA
similar in nature and magnitude to those seen for autoimmune and infectious
diseases. However, mounting evidence suggests that more modestly associated
susceptibility loci showing population and type may exist [1, 3] . Nevertheless,
the clear identification of a causative role for the HLA polymorphism in the
pathogenesis of HLA-associated leukemia remains the exception rather than the
rule. Advances in the understanding of MHC biological functions will enable

comprehensive and definitive studies for evaluating the role of HLA in leukemia

4.Rizzo C, Rizzo S, Sciré E, Di Bona D, Ingrassia C, Franco G, Bono R,
Quintini G, Caruso C. Thrombotic thrombocytopenic purpura: a review of the
literature in the light of our experience with plasma exchange. Blood
Transfusion. 2012 Jun 27:1-12.

EXCERPTA



Thrombotic thrombocytopenic purpura (TTP), a disease characterized by
disseminated thrombotic microangiopathy associated with hemolytic
microangiopathic anemia, was described for the first time by Eli Moscowitz in
1925 as an "acute febrile pleiochromic anemia with hyaline thrombosis of the

" The disease is now better understood from a

terminal arterioles and capillaries
pathophysiological point of view even though its rarity (annual incidence of 11.3
cases per 1,000,000 population)® and the lack of specificity of the signs,
symptoms and laboratory findings make its management difficult. The
symptoms, as stated, are non-specific: fever, renal dysfunction (to the point of
acute renal failure in some cases), fluctuating neurological disorders (mild
headache, onset of behavioral anomalies, transient sensory and motor deficits,
coma), possible ischemic gastrointestinal complications (abdominal pain) and
retinal detachment. More than 35% of patients do not have neurological
symptoms at onset; fever and renal dysfunction are present in only a small
minority of cases. The diagnosis can, therefore, be made in the presence of a
microangiopathic hemolytic anemia (with schistocytes in a peripheral blood
smear),thrombocytopenia (from platelet consumption) and increased levels of

lactate dehydrogenase (LDH) not due to other identifiable causes **.

5.Vasto S, Scapagnini G, Rizzo C, Monastero R, Marchese A, Caruso C.
Mediterranean diet and longevity in Sicily: survey in a Sicani Mountains
population. Rejuvenation Res. 2012 Apr;15(2):184-8.

ABSTRACT

Over the past several years, increasing evidence suggests that the
Mediterranean diet has a beneficial influence on several age-related diseases,
showing protective effect on health and longevity. Mediterranean diet refers to
dietary patterns found in olive-growing regions of the Mediterranean countries.
Previous data reported that in Sicily, Italy, the largest Mediterranean island,

7



there are some mountainous regions where there is a high frequency of male
centenarians with respect to the Italian average. The aim of the present study was
to characterize centenarians living in one of this region, the Sicani Mountains,
located in western Sicily. Present data shows that in this zone there are more
centenarians with respect to the Italian average. In fact, in the three villages of
the Sicani Mountains, there were 15 people ranging from 100 to 107 years old,
of the total population of about 10,000 inhabitants. This centenarian number was
more than six-fold higher the national average (15.0 vs. 2.4/10,000); the
female/male ratio was 1.5 in the study area, whereas the national ratio is 4.54.
Centenarians living in these villages had anthropometric measurements within
normal limits and moderate sensory disability without any sign of age-related
diseases, including cognitive deterioration and dementia. In addition, their
clinical chemistry profile was similar to young controls and far better than that of
old controls. Unequivocally, their nutritional assessment showed a high
adherence to the Mediterranean nutritional profile, with low glycemic index food
consumed. Overall, close adherence to Mediterranean diet seems to play a key

role in age-related disease prevention and in attaining longevity.

6. Vasto S, Rizzo C, Caruso C. Centenarians and diet: what they eat in the
Western part of Sicily. Immunity& Ageing. 2012 Apr 23;9(1):10.

ABSTRACT.

This paper pays attention to the modifiable lifestyle factors such as diet and
nutrition that might influence life extension and successful ageing. Previous data
reported that in Sicily, the biggest Mediterranean island, there are some places
where there is a high frequency of male centenarians with respect to the Italian
average. The present data show that in Sicani Mountain zone there are more
centenarians with respect to the Italian average. In fact, in five villages of Sicani

Mountains, there were 19 people with an age range of 100-107 years old from a
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total population of 18,328 inhabitants. So, the centenarian number was 4.32-fold
higher than the national average (10.37 vs. 2.4/10,000); the female/male ratio
was 1.1:1 in the study area, while the national ratio is 4.54:1. Unequivocally,
their nutritional assessment showed a high adherence to the Mediterranean
nutritional profile with low glycemic index food consumed. To reach successful
ageing it is advisable to follow a diet with low quantity o saturated fat and high
amount of fruits and vegetables rich in phytochemicals.

7. Di Bona D, Rizzo C, Bonaventura G, Candore G, Caruso C.
Association Between Interleukin-10 Polymorphisms and Alzheimer's Disease: A
Systematic Review and Meta-Analysis. J Alzheimers Dis. 2012 Feb 22.

ABSTRACT.

It has been hypothesized that polymorphisms of interleukin (IL)-10 genes
affect the risk of developing late onset Alzheimer’s disease (AD). However,
results of different studies are often inconsistent. Our aim was to investigate by
meta-analysis the association of the common polymorphisms comprehensively
defining the genetic variability of the IL-10 gene with AD risk. Fifteen studies
investigating the association between IL-10 polymorphisms (-1082, -819, -592)
and AD were found and analyzed. The model-free approach was applied to
meta-analyze these case-control genetic association studies. Available data
suggested an association between -1082 polymorphism and AD risk with a
marginal statistical significance (GG versus AG/AA: pooled odds ratio [OR]:
0.82, 95% confidence interval CI: 0.65-1.02) and evidence of a moderate degree
of between-study heterogeneity (y2= 27.13, d.f. = 13, p = 0.01, I2= 52%). For
the -819 and -592 polymorphisms, we did not find an association with AD, but
significant between-study heterogeneity made genotype data pooling
unacceptable. Analysis by IL-10 haplotype showed that the -1082G/-819C/-
592C haplotype is associated with a lower risk of AD, although with a marginal
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statistical significance, probably due to the low number of studies included
(GCC versus other genotypes: OR: 0.61, 95% CI: 0.32-1.15; 12 : 85%). Current
findings suggest a possible association between -1082 A>G polymorphism and
the risk of developing AD; this effect is more evident in the oldest patients. The
high degree of between-study heterogeneity, due to several underpowered
studies and to other methodological problems of individual studies underlies the
need for further methodologically adequate studies.

8. Rizzo C, Castiglia L, Arena E, Gangi S, Mazzola G, Caruso C, Vasto S.
Weak D and partial D: our experience in daily activity. Blood Transfus. 2012
Feb 13:1-2

EXCERPTA

Dear Sir,

The RH genes RHD and RHCE encode two proteins that represent the
clinically most important blood group system defined by the sequences of red
cell membrane proteins. RHD and RHCE, encoding the Rh proteins (D and
Ccl/Ee, respectively), are organised in tandem on chromosome 1p34-p36 and
probably derived from duplication of a common ancestral gene. Many RH genes
carry point mutations, or have rearrangements and exchanges between RHD and
RHCE which result from gene conversion events. RHCE encode hybrid proteins
that have RhCE-specific amino acids in RhD, or RhD-specific residues in RhCE.
These might generate new antigens in the Rh blood group system, and alter or

weaken expression of the conventional antigens’?

9. Vasto S, Caruso C, Castiglia L, Duro G, Monastero R, Rizzo C. Blood
group does not appear to affect longevity a pilot study in centenarians from
Western Sicily. Biogerontology. 2011 Jul 16.

ABSTRACT
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Centenarians are the best example of extreme human longevity, and they
represent a selected population in which the appearance of major age-related
diseases, such as cancer, and cardiovascular diseases among others, has been
consistently delayed or escaped. The study of the long-lived individual genetic
profile has the purpose to possibly identify the genes and the allelic variations
influencing extended life expectancy, hence considering them as biomarkers of
age-related diseases onset and development. The present study shows no
significant differences between allelic variations of ABO blood groups among a

group of centenarians from Western Sicily.

10. Candore G, Bulati M, Caruso C, Castiglia L, Colonna-Romano G, Di
Bona D, Duro G, Lio D, Matranga D, Pellicand M, Rizzo C, Scapagnini G,
Vasto S. Inflammation, cytokines, immune response, apolipoprotein E,
cholesterol, and oxidative stress in Alzheimer disease: therapeutic implications.
Rejuvenation Res. 2010 Apr-Jun;13(2-3):301-13

ABSTRACT.

Alzheimer disease (AD) is a heterogeneous and progressive
neurodegenerative disease, which in Western society mainly accounts for senile
dementia. Today many countries have rising aging populations and are facing an
increased prevalence of age-related diseases, such as AD, with increasing health-
care costs. Understanding the pathophysiology process of AD plays a prominent
role in new strategies for extending the health of the elderly population.
Considering the future epidemic of AD, prevention and treatment are important
goals of ongoing research. However, a better understanding of AD
pathophysiology must be accomplished to make this objective feasible. In this
paper, we review some hot topics concerning AD pathophysiology that have an
important impact on therapeutic perspectives. Hence, we have focused our

attention on inflammation, cytokines, immune response, apolipoprotein E
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(APOE), cholesterol, oxidative stress, as well as exploring the related therapeutic
possibilities, i.e., non steroidal anti inflammatory drugs, cytokine blocking

antibodies, immunotherapy, diet, and curcumin.

11. Cevenini E, Caruso C, Candore G, Capri M, Nuzzo D, Duro G, Rizzo
C, Colonna-Romano G, Lio D, Di Carlo D, Palmas MG, Scurti M, Pini E,
Franceschi C, Vasto S. Age-related inflammation: the contribution of different
organs, tissues and systems. How to face it for therapeutic approaches. Curr
Pharm Des. 2010;16(6):609-18.

ABSTRACT.

A typical feature of ageing is a chronic, low-grade inflammation
characterized by a general increase in the production of pro-inflammatory
cytokines and inflammatory markers (“inflamm-ageing”). This status may
slowly damage one or several organs, especially when unfavorable genetic
polymorphisms and epigenetic alterations are concomitant, leading to an
increased risk of frailty together with the onset of age-related chronic diseases.
The contribution of different tissues (adipose tissue, muscle), organs (brain,
liver), immune system and ecosystems (gut microbiota) to age-related
inflammation (“inflamm-ageing”) will be discussed in this review in the context
of its onset/progression leading to site-restricted and systemic effects. Moreover,
some of the possible strategies and therapies to counteract the different sources
of molecular mediators which lead to the age-related inflammatory phenotype

will be presented.

12. Vasto S, Scapagnini G, Bulati M, Candore G, Castiglia L, Colonna-
Romano G, Lio D, Nuzzo D, Pellicand0 M, Rizzo C, Ferrara N, Caruso C.
Biomarkes of aging. Front Biosci (Schol Ed). 2010 Jan 1;2:392-402.

ABSTRACT
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Aging is a complex process that negatively impacts the development of the
different systems and its ability to function. Moreover, the Aging rate in humans
is not the same, principally due to genetic heterogeneity and environmental
factors. The aging rate is measured as the decline of functional capacity and
stress resistance. Therefore, several attempts have been made to analyse the
individual age, ( so-called biological age) compared to chronological age. The
biomarkers of aging are age-related body function or composition, these markers
aim to assess the biological age and predict the onset of age-related diseases
and/or residual lifetime. Such biomarkers should help in one hand to
characterize the biological age and on the other hand to identify individuals at
high risk of developing age-associated diseases or disabilities. Unfortunately,
most of the markers under discussion are related to age-related diseases rather
than to age, so none of these markers discussed in literature is a true biomarker
of aging. Hence, we discuss some disease-related biomarkers useful for a better
understanding of aging and the development of new strategies to counteract it,

essential for improving the quality of life of the elderly population.

13. lemolo F, Duro G, Rizzo C, Castiglia L, Hachinski V, Caruso C
Pathophysiology of vascular dementia. Immun Ageing. 2009 Nov 6;6:13.

ABSTRACT

The concept of Vascular Dementia (VaD) has been recognized for over a
century, but its definition and diagnostic criteria remain unclear. Conventional
definitions identify the patients too late, miss subjects with cognitive impairment
short of dementia, and emphasize consequences rather than causes, the true
bases for treatment and prevention. We should throw out current diagnostic
categories and describe cognitive impairment clinically and according to
commonly agreed instruments that document the demographic data in a
standardized manner and undertake a systematic effort to identify the

13



underlying aetiology in each case. Increased effort should be targeted towards
the concept of and criteria for Vascular Cognitive Impairment and Post-Stroke
Dementia as well as for genetic factors involved, especially as these categories

hold promise for early prevention and treatment.

14. De Luca G, Santagostino M, Secco GG, Cassetti E, Giuliani L, Franchi
E, Coppo L, lorio S, Venegoni L, Rondano E, Dell'Era G, Rizzo C, Pergolini P,
Monaco F, Bellomo G, Marino P Mean platelet volume and the extent of
coronary artery disease: results from a large prospective study. Atherosclerosis.
2009 Sep;206(1):292-7.

ABSTRACT.

Background: Platelets play a central role in the pathogenesis of coronary
artery disease. Mean platelet volume (MPV) is an indicator of platelet activation,
and has been demonstrated to be correlated with platelet reactivity. The aim of
the current study was to investigate whether mean platelet volume is associated
with the extent of coronary artery disease. Methods: We measured MPV in 1411
consecutive patients undergoing coronary angiography. All angiograms were
analyzed by two investigators blinded of clinical data. Significant coronary
artery disease was defined as stenosis >50% in at least 1 coronary vessel. We
additionally measured Carotid Intima-Media Thickness (IMT) in 359 patients.
The relationship between MPV and platelet aggregation was evaluated by PFA-
100 in 50 consecutive patients who were not taken any antiplatelet therapy, and
in a cohort of patients who were on aspirin by PFA-100 (n = 161) and Multiplate
(n = 94). Results: Patients were divided into three groups according to tertiles of
MPV. Patients with higher MPV were slightly older (p = 0.038), with larger
prevalence of diabetes (p < 0.0001), hypertension (p = 0.008), previous CVA (p
= 0.041), less often with stable angina (p = 0.043) and family history of CAD (p
= 0.011), more often on statins (p = 0.012), and diuretics (p = 0.007). MPV was
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associated with baseline glycaemia (p < 0.0001) and red blood cell count (p =
0.056), but inversely related to platelet count (p < 0.0001). MPV was not
associated with the extent coronary artery disease (p = 0.71) and carotid IMT (p
= 0.9). No relationship was found between MPV and platelet aggregation.
Conclusion: This study showed that MPV is not related to platelet aggregation,
the extent of coronary artery disease and carotid IMT. Thus, this parameter
cannot be considered as a marker of platelet reactivity or a risk factor for

coronary artery disease.
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LIST OF ABBREVIATIONS

RBC Red Blood cells

PEX Plasma Exchange

ASFA American Society for Apheresis

RhAG Rh-associated glycoprotein

HDFN hemolytic disease of the fetus and newborn
RHDwy RHD pseudogene

SCD sickle cell disease

SIMTI Italian Society of Transfusion Medicine
ISBT International Society Blood Transfusion
TTP thrombotic thrombocytopenic purpura

VWEF von Willebrand factor

GFs growth factors

CLL Chronic lymphocytic leukemia

EFI European Federation for Immunogenetics
JAICE Joint Accreditation Committee-ISCT & EBMT

HSC Hematopietic stem cells
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1. INTRODUCTION

11 HISTORY OF TRANSFUSION MEDICINE

It is very difficult to date the beginning of transfusion medicine, since the blood
has always been considered a key element in healing of many diseases.

The transfusion medicine history, in fact, begins with the transfusion and was
marked by scientific knowledge of the last decades around the turn of the 19th into
the 20th centuries: an increasing appreciation of a potential role in the management
of surgical and obstetric bleeding, in severe non-surgical anemia, has transformed
completely the history of transfusion medicine.

The blood transfusion has legendary and controversial origins.

One of the earliest manuscripts on the history of transfusion is dated 1875" (Frati
et al 2005). The author distinguishes three periods: a period "mythological™,
empirical and legendary that ends with the discovery of the blood circulation (1628).
An "experimental” period begins with1628 to the end of the seventeenth century. A
"therapeutic” period from the first 800 to the present day (table 1)

The mythological period has scarce and nuanced sources and is linked to the

classical tradition.

In the classical tradition, in fact, blood was considered "lifeblood", seat of the
soul and magical power. During the rites, the blood of the sacrificed victims was
offered to gods as a gift. The warriors' tribes drank the enemies' blood to draw
strength.

The first blood transfusions may already have been practiced by Egyptians,

Greeks and Romans.

! DE CRISTOFORIS M., La trasfusione del sangue. Milano, Rechiedei, 1875.
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As known, Egyptian physicians successfully performed brain surgery, so it is
possible that the transfusion could be known and practiced. Also in ancient Egypt
transfusion could be practiced as a geriatric care to prevent pharaoh’s aging. The
Egyptian papyri and the ancient temples inscriptions, in fact, handed down that
Egyptian priests used the blood to cure the princes "oppressed by diseases of
languor." For nearly 2,000 years, in Egypt the blood was regarded as the sovereign
remedy for leprosy. The two greatest exponents of the School of Alexandria,
Herophilus of Chalcedon (Ill aC). and Erdasistrato of Giulide, use the verb "to
transfuse™ although it is doubtful that this refers to the practice exactly as we know it.
(Frati et al 2005).

Some Jewish writings tell the story of a Syrian prince cured of leprosy with oral
fresh blood administration. This suggests that the ancients would used the blood for
the diseases treatment or for the rejuvenation.

Hippocrates (460-355 aC), the Greek physician and modern medicine pioneer,
prescribed blood administration in the treatment of the "falling sickness" although
the mode of administration is not specified

In Roman times, the blood administration was oral exclusively. Empirical
evidences showed that patients drinking blood were healed easily. So, the blood had
healing power.

The ancient Rome’s history haven’t got transfusion’s news. In a legend
Tanaquilla, Tarquinius Priscus's wife, (577 aC), gave her blood to husband stabbed.
The oral blood administration efficacy , was known to Celsus (60 aC: De Medicina
VIII) and Pliny the Elder (23 d.C: Naturalis histories). They say that epileptics drank
the warm blood of just killed gladiator. Tertullian (150 d.C) recommended the blood
use in the treatment of debilitating conditions.

The first mentioned transfusion, regards Ovid's Metamorphoses (43 aC - 17 dC):
Medea, learned the Egyptian priests' art used blood to rejuvenate old Exon. She took

his blood by phlebotomy and led into his veins a "mood secret™ able to rejuvenate.
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This technique, used by the Romans to rejuvenate, was called "medeana care”. For a
long time remained the idea that the blood transfusion could rejuvenate. In fact, in
the Renaissance Marsilio Ficino (1433-1499) recommended to drink the blood of
young people to rejuvenate. There are a lot of information about the use of
transfusion therapy in the Middle Ages. It is known that bloodletting therapy was
frequent for release negative moods responsible of disease. Alternating purges,
bloodletting was performed without any criteria and without any hygiene. The
physician did a simple incision into a vein and let out half liter or liter of blood in the
hope of freeing the patient from the disease. This practice was often repeated many
times until then cause severe anemia and the sick was weak and vulnerable to other
diseases. The practice of bloodletting became very popular so that the bloodletting
practice was given to the barbers who hung out the door the wet blood bandages.
From here the signs in red and white stripes of the barbers. The wide spread of
bloodletting increased the number of deaths. Soon everyone realized that removing
the blood did not help to heal any sick and that could be useful to give more blood to
the sick (Frati et al 2005).

Thus was born the theory of transfusion.

The first documented blood transfusion seems to have been practiced to Pope
Innocent VIII in 1492: a Jew physician used the blood of three children under 10
years to cure the pope. The children died and the pope didn't heal.

However, in this time, the transfusion history is between myth and reality and the
cited sources narrate popular beliefs without scientific support. The mythological
period, in fact, was concluded with first scientific studies of Realdo Colombo (1558).
He studied the blood’s path in the arteries and pulmonary veins and led to description
of cardiovascular circuit by William Harvey in 1628. (fig. 1)

This finding suggested to transfuse blood directly into veins with rudimentary
methods (urinary animals bladders, porcupine quills, heavy silver tubes). With these

discoveries begins the experimental period and the first description of blood
20




transfusion process. With regard to techniques used for transfusion, in 1660
Francesco Folli (1624-1685) explained that was necessary to insert a silver cannula
in a donor artery and an ivory cannula in a recipient vein. The two cannulas had to be
connected by an elastic tube (Frati et al 2005).

These experiments spread rapidly in England, France, Germany and Italy, until in
1663 the Philosophical Society of London commissioned to physicians Daniel and
Thomas Coxe to investigate about blood infusion and transfusion. They studied the
effects of blood infusion in same and in different species animals. Also, they
observed the effects from artery to vein and from vein to vein transfusion.

The observation that from these experiments weren't derived harmful
consequences for animals, led to the first attempt to heterologous transfusion in
humans. Jean-Baptiste Denis (1620-1704), physician of the court of Louis XIV, on
March 3, 1667 transfused 16 years old young affect by unknown fever with lamb's
blood (after twenty bloodletting in two months without success). The amount of
blood transfused was nine ounces (270 gr.) (fig.2)

The patient's recovery and the experiment success was huge and spread in the Old
Continent quickly. A large number of heterologous human transfusion was
implemented to treat human diseases.

In London, Lower and King, using heterologous transfusion to treat mental
illness, described methods for artery to vein transfusion and problems related to
blood clots formation in the "Tractatus de Corde idem et de motu et colore
sanguinis™ (1669). In fact, the formation of blood clots in transfusion devices, was a
real problem and begin the first rudimentary anticoagulants methods. At the time, in
Germany, Mayor Jean Daniel (1667), describes "semi direct” transfusion and
proposes a few grains of salt or deer horn or flower salt ammoniac to prevent blood
clotting in pipes' silver.

In subsequent years, the blood heterologous transfusion spread quickly to cure

very different diseases: insanity, chronic anemia, tuberculosis, stubborn fevers,
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stomach cancer, typhoid without special precautions to prevent adverse reactions .
The history don't report transfusion cases to treat acute hemorrhage anemia in this
time.

The number of heterologous transfusions increased together with number of very
dramatic failures. This procured many disappointments and the initial supporters
enthusiasm was opposed to hostility of the most respected scientists.

In a hot climate, when the patient treated by Jean-Baptiste Denis died, the
patient's family sued the physician at the Assize Court of the Chatelet. The death had
occurred from arsenic poisoning, but the court of Paris (with a decree became law
January 10, 1670) forbad in France the human blood transfusion. At that time,
French culture ruled the roost in the scientific community: the English Parliament
and the Pope adopted the same measure. Bartolomeo Santinello, Italian physician of
the XVIII century, declared necessary to ban this operation for the "good of
humanity"(Frati et al 2005).

The transfusion history and disputes between supporters and opponents came to
the end and transfusions were not practiced throughout the XVI1II century.

In the early XIX century occurred revival interest for transfusion medicine. At
that time there was a general climate of interest in new medicine discoveries. An
Italian physician, Michele Rosa (1731-1812), started interesting experiments on
blood animals. He revived the correct setting of the animals experimental blood
transfusion and studied psychomotor manifestations on animals brought to the death
by total bloodletting.

So scientists studied causes and pathophysiology of blood transfusion
consequences and thus began the therapeutic period (evolving today).

In 1818, the British obstetrician James Blundell (1790-1878), demonstrated the
incompatibility of heterologous transfusions and the need to use human blood for

humans. For the first time, he performed a successful transfusion of human blood to

a patient with postpartum hemorrhage. He used husband’ blood (as a donor) to
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perform arm to arm transfusion. He also devised the use of autologous blood for
transfusions, recovering that lost in women with postpartum hemorrhage. Blundell
introduced two instruments for the purpose of transfusion: the impellor and the
gravitator. The impellor was a complex invention consisting of a cup, tube and
syringe. When using the gravitator, blood was injected into the patient via a tube
suspended from a vessel held high above the patient. Information on both
apparatuses was published in The Lancet in 1829. (Fig 3)

The patients’ observation after transfusion has allowed to describe post
transfusion clinical features: shivering with fever, anxiety, thirsty air, tachycardia,
hematuria, cyanosis, dyspnea, cough with frothy bleeding sputum, distended jugular
veins. These complications were due to incomprehensible phenomena in those days:
incompatibility, overload, contamination for lack sterility, imperfect knowledge of
bood composition. The scientists understood that these effects were due to the
different species of blood, therefore was prohibited heterologous transfusion.

In 1882, Julius Friedrich Cohnheim (1839-1884) introduced the "blood
compatibility" that led to practice exclusively inter-human transfusions: post-
transfusion accidents were reduced greatly, but the failures were not entirely
disappeared. So, the research had found a new area of interest: to know and
characterize the blood to understand the differences between individuals of the same
species (Boulton 2013. Part 1).

Among all the researchers, the most famous name is Karl Landsteiner (1868-
1943), considered the father of immunogenetics and the initiator of the transfusion
science. He discovered that red blood cells of individuals can differ antigenically and
found the properties of red blood cells agglutination. Using serological methods, he
had been impressed that “the proteins in various animals and plants are different and
are specific for each species.” He wondered “whether ... individuals within a species
show similar ... differences. As no observations whatever were available pointing to

such behavior, | chose the simplest among the possible plans of investigation ...
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allowing blood serum and red blood corpuscles of different human individuals to
interact” (Lansdteiner 1931). In fact, by simply mixing serum and erythrocytes from
different person and comparing their pattern of reactions, he could classify blood into
three groups. The occurrence of agglutination indicated the existence of natural or
preexisting antibodies against foreign blood groups. In the 1901 paper he tabulated
the results of complete cross-testing of the sera and cells of six people working in his
lab, including himself (fig 4). He noted first that the serum of none of the six
individuals reacted with the person's own cells—a clear observation of self-tolerance
(Owen 2000)

Those with group A blood cells had antibodies to group B cells; those with group
B blood cells reacted with group A cells; and the serum of group C people
agglutinated erythrocytes of both group A an B people. Today group C in known as
group O. The fourth group, AB, was discovered a year later, and these rare
individuals lack both isotypic agglutinating antibodies. Landsteiner' s work led to a
reduction in the risk of blood transfusions, which had previously and unpredictably
resulted in toxic shock: it provided a scientific explanation and a method for
determining transfusion compatibility. In 1901, Landsteiner classified blood groups
(ABO) and found that their determination depended on hereditary factors,
transmitted from generation according to Mendel's laws. He received the Nobel Prize
for Medicine in 1930 for this discovery (Boulton 2013. Part 1).

The diversity of blood groups among individuals, gave a new understanding of
transfusion: it’s necessary to seek donor and recipient RBC characteristics and to
respect the patterns of compatibility. This has increased the safety of blood
transfusions and reduced postoperative deaths. The concept of donor and recipient
compatibility was enhanced in 1907 when Hektoen introduced compatibility testing
combining in vitro blood donor and blood recipient to exclude incompatibility (cross
match).

24



The first four blood groups to be discovered not distinguish individuals, but with
the addition of the minor erythrocyte antigens, individualistic sets emerged. In the
1908, Ehrlich and Morgenroth (Kaufmann S 2008), the fathers of immunology, had
early shown that when blood of one goat was injected into another goat immune
antibodies that reacted with the donor’, not the recipient’s cells appeared and that
these antisera recognized a complexity of individual differences among goats. By
1910, Todd and White had published similar studies of cattle and chickens, work
indicating that any individual within a species had an almost unique individuality.
Landsteiner wondered why, given a match for ABO, human transfusions did not
readily reveal such individuality with Levine (1927); tried injecting rabbits with
human blood and using the immune sera to detect differences among people. This led
to the next marker for human genetics, the M-N alternative, later to prove so
complicated. The same experiments revealed the P groups.

The immuno-haematological knowledge were complied in 1940 when Landsteiner
and Wiener discovered "Rh" factor (or Rhesus factor), an blood cells antigen involved
to pre transfusion compatibility. They inject cells from Rhesus monkeys into guinea
pigs and rabbits and see if the resulting antisera distinguished human characteristics
(Owen 2000). This led to the recognition of the Rh system, named for the Rhesus
donors; they discovery Rh factor in human blood and classified human population in
Rh positive and Rh negative depending on red blood cells agglutination with anti-
Rhesus serum.

Blood incompatibility in the special jet common circumstance of the Rh antigen
can be fatal and id the theme of a report by Philip Levine (1941) and his colleagues. It
concerns how one self accepts or rejects another self within its territory, specifically
how an Rh negative mother becomes sensitized to and subsequently kills an Rh
positive fetus developing within her. The disease is erythroblastosis fetalis and the

milestone established its immunological origin. Levine’s team knew that, like ABO
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blood groups, the Rh antigen was inherited by Mendelian process, but the underlying
genetics mechanisms were unknown.

However the main hazard, perceived from early attempts, was ordinary blood
clotting, not blood group incompatibility. After the anatomical demonstration of the
blood circulation and the blood groups identification, it was necessary to have not
coagulated blood for transfusions.

When blood was taken from a prospective donor, it clotted during the transfusion
process, to conspicuously ill effect on the recipient. Shortly after 1900 surgeons
developed extraordinary methods of joining an artery of the donor with a vein of the
recipient so that the blood was not exposed to clotting during transfer (direct
transfusion).

At the beginning of the last century (1902), the pharmacologist Luigi Sabbatini
(1863-1928) discovered anticoagulant properties of sodium citrate (Mann 2007). It has
revolutionized the transfusion technique because transforming direct in indirect
transfusion. Also, he found that citrate preserve long and unaltered blood characteristic
allowing blood storage at 4-6° C in containers for a few days after collection.

This discovered was very important because the use of an anticoagulant (citrate)
solved the clotting problems and allowed the extensive use of transfusions in the First
World War. The first transfusion of citrated blood given to a human seems to have
been performed by Hustin (1914) (Mollison 2000).

In 1918, Oswald Robertson added dextrose to sodium citrate obtaining the
anticoagulant solution ACD (citric acid-citrate-dextrose) that allowed blood storing up
to 21 days and published a remarkable paper, describing transfusions of stored red
cells given near the front line in France in the First World War (Robertson 1918). Only
4 years had elapsed since the first few transfusions of citrated blood had been given to
human subjects; the method of storage which was used had not previously been
applied to transfusion in humans. Robertson used a bottle with a capacity of 900+1000
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cc; 160 cc of 3,8% citrate was used and marks made on the bottle at 660
corresponding to 500 cc blood, etc. (Fig 5).

For the first time, a bank of units of stored blood was created and shown to be of
great practical value. The first Transfusion Centre was organized in Paris at the
Hospital Saint Antoine in 1923; later many other centers sprang up across Europe and
America. In 1930 was formed the first "Blood Bank" at the London Hospital.

The transfusion improvements and increased transfusion requirements during the
Second World War, gave a strong boost to transfusion research.

In 1947 was formed the American Association of Blood Banks (AABB) to
promote common results between the transfusion centers. The US government, to
ensure improving assistance to military troops, financed many research projects. Thus
began a spontaneous donation publicity based on solidarity: in the cities war involved
were hung posters that reminded: "Donate blood, now!", "Your blood can save him"
and "He gave his blood. How about you? ". Thus were born the association aimed at
blood donation. In the United States, during the Second World War, were given
about 13 million units of blood. It is estimated that in London they have been
collected and distributed more than 260,000 liters. After Second World War,
important medicine improvements made possible surgeries unimaginable once.

In 1952, Carl Walter introduced the plastic blood bags for the blood collection,
indispensable for simple and safe collection system.

Furthermore it was introduced the refrigerated centrifuge which allowed to
separate multiple blood components from a single blood unit: in this way it is
possible to separate red blood cells, plasma and platelets from whole blood. This
represented a real revolution for transfusion medicine because with the blood
components it's possible to transfuse the patient only what is needed to cure. In fact,
according to clinical indications, it is possible to administer individual blood
fractions, plasma and blood components (red blood cell, white cell, platelet, human

plasma and its fractions).
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This opens the era of actually transfusion medicine, in which the transfusion

physician, specifically trained, participates in the sick care actively.
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HISTORY OF TRANSFUSION MEDICINE: HISTORICAL PERIODS

MYTHOLOGICAL
PERIOD

- Blood is considered "lifeblood"”, seat of the soul and magical power

in the Egyptian papyri and Jewish writings

- The first blood transfusions may already have been practiced by

Egyptians, Greeks and Romans.

- Hippocrates (460-355 aC), prescribed blood administration in the

treatment of the "falling sickness"

- In roman times exclusively blood oral administration
- Ovid's Metamorphoses (43 aC - 17 dC): first mentioned transfusion

for disease’s treatment or for the rejuvenation (“medeana care”)

- In the Middle Ages was frequent bloodletting therapy for release

negative moods responsible of disease.

- The first documented blood transfusion has been practiced to Pope

Innocent VIII (1492)

- The transfusion history is between myth and reality

EXPERIMENTAL
PERIOD

- 1558: Realdo Colombo described the blood’s path in the arteries and

pulmonary veins

- 1628: William Harvey described cardiovascular circuit
- 1660: Francesco Folli inserted a silver cannula in a donor artery

and a ivory cannula in a recipient vein and connected with an elastic
tube.

- 1667: Jean-Baptiste Denis performed first direct heterologous

human transfusion

- 1670 the Assize Court of the Chatelet (Paris) forbad in France the

human blood transfusion .

- In Europe transfusions were not practiced throughout the XVIII

century

THERAPEUTIC PERIOD

- 1818: James Blundell demonstrated the incompatibility of

heterologous transfusions and the need to use human blood for
humans

- 1882, Julius Friedrich Cohnheim introduced the "blood

compatibility"

- 1901: Landsteiner classified blood groups (ABO)

- 1902: Sabbatini discovered blood anticoagulant (citrate)

- 1907: Hektoen introduced compatibility testing

- 1914:First transfusion of citrated blood given to a human performed

by Hustin

- 1918: Oswald Robertson added dextrose to sodium citrate obtaining

the anticoagulant solution (ACD). Begin the blood banking

- 1923:First Transfusion Centre in Paris at the Hospital Saint Antoine
- 1927: Landsteiner and Levine discovered erythrocyte's minor

antigens (MN and P)

- 1930: First "Blood Bank" at the London Hospital.
- 1940: Landsteiner and Wiener discovered "Rh" factor
- 1941: Philip Levine discovered erythroblastosis fetalis and

established its immunological origin

- 1947: Beginning of American Association of Blood Banks (AABB)
- 1952: Carl Walter introduced plastic blood bag

Table 1: M. De Cristofori (La trasfusione del sangue, 1875) distinguishes three periods:
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a period "mythological”, empirical and legendary that ends with the discovery of the blood
circulation (1628). An "experimental” period begins with 1628 to the end of the seventeenth
century. A "therapeutic" period from the first 800 to the present day

Fig. 1. William Harvey (1578-1657) Image of veins from Harvey's exercitatio
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Fig 2. Jean-Baptiste Denis (1620-1704): First direct transfusion between human and animals

and used instruments
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Fig 3 .Perpendicular section of the Impellor, a complex invention consisting of a cup, tube and
syringe published in The Lancet in 1829
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Fig 4. Karl Landsteiner, 1931. Photo of the National Academy of Sciences. Table: the results of
complete cross-testing of the sera and cells of six people working in his lab including himself
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Fig 5. Robertson's bottle for citrate transfusion. (A) Line from donor. (B) Line to recipient (C)
Rubber bulb with valve (Higginson's syringe), supplying either negative or positive pressure. (D) Marks
are made on the bottle (which has a capacity of 900+1000 cc) at 160, 660, 760 and 860 cc; citrate is
added to the 160 mark and the donor is bled to one of the upper marks, corresponding to 500+700 cc
blood (Mollison P.L. British Journal of Haematology, 2000; 108: 15)
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1.2 CONTEMPORARY TRANSFUSION MEDICINE: the last 20 years of

discovery

The last few decades have been very important for transfusion medicine history. In
particular, some innovative therapy techniques and cellular manipulation, have
radically changed the transfusion medicine services identity and have had a huge
impact on patient care.

In fact, the main scientific findings include: apheresis technology, marrow and
hematopoietic stem cells, RBC antigens and antibodies, the role of the WBC, PLT and
neutrophil antigens and antibodies, volunteer blood donors, blood safety,
hematopoietic growth factors, plasma derivatives, blood utilization and management.

Our attention will be focused in particular on four key aspects of modern
transfusion medicine: therapeutic apheresis, regenerative medicine, stem cells and
molecular biology.

The aphaeresis is based on the principle of the whole blood separation by
extracorporeal circuits. It 'a very sophisticated technique that allows to isolate the
blood elements (liquid or corpuscular) and to manage them independently. The donor
of multicomponent and the blood recipient are not exposed to significant risks. The
physician responsible (before the procedure) explains possible risks and the patient or
donor accepted and expressing their informed consent.

The therapeutic application of these techniques, has radically changed the natural
history of many diseases.

The ability to use non transfusion blood components , has opened new frontiers in
transfusion medicine. Using bioregenerative capacity of platelets growth factors, it's
possible to intervene in many clinical areas (surgical and aesthetic) to promote the
regeneration of damaged tissues or to tissue repair.

In relation to these arguments, there is a growing scientific interest. A very strong
push was given by the integration of apheresis and tissue regeneration. This has led

over the past 20 years using aphaeresis to produce stem cells using peripheral blood.
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The bone marrow is rich in stem cells. The recruitment of bone marrow donors
community volunteers represented the beginning of clinical use of stem cells. In recent
years, was possible to increase the number of peripheral blood stem cells and allow the
removal of the stem cells by aphaeresis. This improvements opened the way to many
novel cellular therapy. Blood banks took the lead in marrow donor recruitment.

Last important aspect of contemporary transfusion medicine is the use of molecular
biology. The application of molecular techniques for the genetic study of erythrocyte
antigens, for example, has strong implemented immunohaematological knowledge and
has solved many transfusion problems. In particular, today, they are widely used for
extended red cell antigens typing (minor red cell antigens and allelic Rh variants) for
the banking of rare red blood cells. Obviously in the transfusion field the technique is
applied to the stem cells molecular HLA typing and is used as improvement for the
diagnosis of many diseases treated by transfusion medicine (genetic study of

hemoglobinopathy or PPT).

1.2.1. Therapeutic Apheresis

The first episode of use of aphaeresis in humans, dating back to 1930, when
Soloman and Fahey used plasmapheresis in treatment of macroglobulinemia of
Waldestrom, an hyperviscosity syndrome. (Salomon 1962) The therapy consisted of
removal patient's plasma and reinfusion of isotonic saline. In this way hyperviscosity
due to immunoglobulin excess had correct and had improved the clinical symptoms
(Raynolds 1981). The plasma exchange, was symptomatic therapy because corrected
the symptom (hyperviscosity) and didn’t act on the causes (excess immunoglobulins
production).

The first device for therapeutic aphaeresis dates 1962, when IBM and the National
Cancer Institute in Bethesda (USA) designed a prototype centrifuge to remove the

white blood cells. Since then, the therapeutic removal of cells or pathological
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molecules was carried out by different methods, developed according to different
pathophysiological mechanism’s disease. The knowledge of the pathophysiological’s
diseases, has encouraged the development of different apheretic techniques with
appropriateness prescriptive.

The principle of therapeutic aphaeresis, is the selective removal of pathogens or
excessive blood components (cells or molecules). This removal is performed using
extracorporeal circulation technique and anticoagulants (citrate or heparin) to prevent
blood clotting. In the last decade, technological change and computerization improved
the existing techniques and promoted more selective removal of pathological particles
in the plasma (LDL cholesterol, fibrinogen, immunoglobulin, circulating immune
complexes, toxins) and collection of cellular elements (platelets, leukocyte,
lymphocyte stem cells).

The therapeutic aphaeresis techniques can be grouped into three major groups:
exchange cell therapy (plasma exchange/ erytroexchange), plasma treatment and

therapeutic erythrocytaphaeresis.

a. Plasma exchange (PEX): PEX consists in removing the plasma patient and
the replacement with substituent solution (fresh frozen plasma, electrolytic solutions,
albumin). The pathogenic molecules are removed with the plasma, changing the
natural history of the disease. According to international guidelines ASFA (American
Society for Apheresis), PEX can be considerate the | or Il line treatment (category |
and 1) and usually is compensated with drug therapy to act on the causes of disease.
The PEX treatment consist in multiple cycles that includes daily treatments on
consecutive days. In each daily treatment are defined exchanged volume, treatment
frequency and type of substituent solution according to ASFA guidelines. Each PEX
procedure comprises several cycles consisting of two step: a step for blood collection
and a step for reinfusion. After collection, the blood is centrifuged. The blood

centrifugation allows cellular elements and plasma separation according to different
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specific weight. The patient’s plasma collected is discarded and the patient receives his
blood cells and substituent liquid (plasma or albumin) in the reinfusion step (fig.6).
The duration of treatment (usually 2 to 4 hours) depends on the volume to be
exchanged and on the rate of exchange. The side effects PEX related may be due to
extracorporeal treatment and to anticoagulant use. Anticoagulant can move into the
circulation giving transient disturbances due to hypocalcaemia. Moreover the use of
fresh frozen plasma as a fluid-replacement, exposes the patient to anaphylactic or

allergic reaction.

b.  Erytro Exchange: The exchange of erythrocyte is used for treatment of acute
stroke and chest syndrome, a dramatic clinical conditions due to erythrocyte
deformation and anemia of sickle cell anemia. The sickle red blood cells are unable to
cross in the microcirculation and it causes the vascular occlusion and stasis. The blood
transfusion, improves the anemia, but increases blood viscosity and hematocrit and
increases stasis and vascular occlusion. The purpose of erytro exchange is to replace
sickled with normal cells. In this way it's possible improve clinical symptoms without
increasing blood viscosity, reduce the hemolysis and iron accumulation. The exchange
is performed by erythrocyte cell separator: after collection, whole blood is centrifuged
and separated by gradient centrifugation. The patient’s erythrocytes collected are
discarded and the patient receives his plasma and compatible normal erythrocytes Any
procedure exchange one red cell volume corresponding to. 15-20 ml / kg. Thus,
average weight patient (i.e: 60 kg) exchanged1200 ml of concentrated red blood cells
corresponding to 4 RBCs units. RBCs transfused must be of recent production (no
more than 2 weeks) and produced by aphaeresis, preferably. Each RBCs unit is
matched for ABO, Rh and Kell antigenic systems (perfect match is ABO-D, Rh, Kell,
Duffy, MNSs) and performed compatibility tests. This type of therapy and the number
of sessions to be repeated, exposes the patient to the risk of alloimmunization, the

formation of antibodies directed against non-self erythrocyte minor antigens untyped
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and not observed for RBCs selection. So, the alloantibodies are always sought after
and their presence or their immune memory is always considered to assign units of
RBCs.

c. Plasma treatment: it's the plasma filtration with semi-selective (cascade
filtration) or selective (adsorption) techniques. The patient's plasma, separated and
treated, is returned to the patient without pathogenic molecules. This reduces the risk
of anaphylactic reactions to not self protein molecules, characteristic of plasma
transfusion.

The filtration techniques are: cascade filtration and adsorption.

Cascade Filtration or double filtration: It's a technique of physic plasma
separation obtained by centrifugation extracorporeal into cell-separators. Two series
filters are used. The first separator filter is formed by high cut-off micro pores (270 to
400 microns) for blood cells separation (erythrocytes, leukocytes, platelets). The
second filter or fractionation filter is formed by low cut-off micro pores (70 microns)
for molecular weight separation. The excessive high weight molecules (immune
complexes, IgM, fibrinogen, LDL-C) may be dangerous in many disease. So the
cascade filtration consent to eliminate the high weight molecules and to give back to
the patient the plasma containing lower weight molecules (electrolytes, substances
with a low pm, albumin) and the cells separated and collected by first filter (RBC,
WBC, PLT) (Fig 7). The filtration procedure consent to treat 2-3 liters of plasma (40-
50 ml/kg) (Kardas et al 2012)

Adsorption: Aphaeretic technique to remove plasma pathogenic molecules by
columns adsorbed with specific ligands. The adsorption can be chemical,
immunological or physic. After collection, patient's whole blood is separated by
centrifugation or high molecular weight filtration; so are obtained plasma and cellular
blood components (RBC, WBC, PLT). The plasma is adsorbed on specific columns

containing selective ligands specific to treat pathology. When the plasma is deprived
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of pathogenic molecules, it is collected and rein fused to the patient with cellular
component. This method is highly selective and acts on the pathogenic mechanisms of
disease. The true limits relate the columns costs: in relation to substance plasma
concentration and to ligand used volume, columns saturate quickly. Therefore, usually,
it is preferable to treat disease with other treatment options, with less expensive
techniques, limiting the use of adsorption in a few clinical cases. In particular, this
technique is used for the selective removal of LDL low density lipoprotein (LDL
apheresis). The LDL apheresis columns contain anti lipoproteins apo B100 antibodies
obtained to sheep serum and adhering to a solid sepharose matrix. In general, the
ligands are chemical (dextran sulfate, acrylic acid, activated carbon, resins
polyanionic, heparin), physic-chemical (phenylalanine, tryptophan and styrene-
divinylbenzene) or biological (protein A for the adsorption of 19gG). The selection of
column type depends on treated pathology. The treatment of chronic liver failure,
primary biliary cirrhosis, decompensated cirrhosis and hyperbilirubinemia pre and post
liver transplant consist in bilirubin (conjugated and unconjugated) and bile acids
adsorption. Some autoimmune diseases (multiple sclerosis sistemic sclerosis, SLE,
RA, Guillain-Barre syndrome Fischer) can be treated with physic-chemical columns
containing phenylalanine, able to absorb antibodies and immune complexes or in some
cases (Guillain-Barre and Fischer Syndrome, chronic demyelinating polyneuropathy)

with columns containing tryptophan able to remove 1gG and ACh-R-Ab

d.  Therapeutic cytapheresis: This technique is mainly used for the selective cell
depletion of leukocytes, erythrocytes or platelets. It removes excess pathogenic cells
responsible for serious clinical symptom. Once, this effect was obtained only with the
therapeutic phlebotomy, that removing the whole blood, depriving the patient also
elements useful for his health. In the 60's were introduced cell separators based on
gradient centrifugation of blood cells. So, it's possible to separate whole blood into its

cellular components and plasma using the different sedimentation coefficients when
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the cells are subjected to an appropriate centrifugal force (G-force). In this way, can be
deleted only the pathological cells in excess and the rest of the blood can be re infused
to patient. The main application areas are hematological diseases: the platelet
apheresis therapy is performed in cases of severe thrombocytosis to reduce the risk of
thrombosis. (Russi et al 2008).The therapeutic leukapheresis is used to remove buffy
coat in high risk of bleeding thrombosis and pulmonary leukostasis hematological
malignancies,. The erytroapheresis therapy is used to restore the correct values of
haematocrit (necessary to correct hyperviscosity) in patients with primary or
secondary erythrocytosis symptomatic. However, if therapy depletion is not
accompanied by appropriate drug therapy, has only temporary effects. A particular
type of therapeutic cytapheresis is photoapheresis therapeutic. In the last 20 years, this
technique has revolutionized the follow-up and outcome of patients with GVHD. It is
a technique of therapeutic leucapheresis in which the patient's white blood cells
(collected by centrifugation), are treated with 8 methoxypsoralen, irradiated with UVA
and then reinfused to the patient. This cell manipulation triggers apoptosis of
leukocytes that activates dendritic cells, modulating the effects of GVHD and

monitoring the effects of rejection of solid organ transplantation (Bruserud et al 2014)
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Fig 6. Plasma Exchange treatment diagram and particular of bowl blood centrifugation (up).

Modern cell separators used for aphaeresis procedures (down)
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Fig 7 Plasma treatment double filtration diagram and particular of filtration (up).
Modern cell separators used for plasma filtration (down)
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1.2.2. Regenerative medicine

Regenerative medicine can be considered the final frontier for the treatment of
many diseases and represents a new philosophy to approach tissue/ organ degeneration
by biological regeneration. In particular it is possible to use blood products for not
transfusion use and their ability to initiate the regenerative stimulus and tissues repair.

In the 70s, for the first time, fibrin glue was produced and used to accelerate tissue
repair processes in surgery. In the 80s, David Knighton developed in vitro a platelets
stimulation technique by thrombin solutions for collection of a rich growth factors
supernatant topically applied in the gel form.

The use of not transfusion blood components begins in 1998 with the first
publication of Marx et al. on the use of platelet concentrates in dental surgery (Marx et
al 1998). With the first clinical successes, interest has extended to other medicine and
surgery fields and several methods of production and other clinical indications have
been proposed.

This gel is able to stimulate the skin ulcers repair and to accelerate tissue
regeneration in a variety of clinical and aesthetic settings: platelet concentrate is a
source of growth factors and is used both in liquid form that enabled, as a promoter of
damaged tissues regeneration (Coppola 2004; Knigthon 1990).

The platelets growth factors (GFs) are capable of several function: to induce
mesenchymal cells replication and chemotactic action to the inflammatory cells
(polymorphonuclear leukocytes, monocytes, and macrophages), to proteases release
from other cells activating tissue remodeling. (Rughetti 2006) Therefore, platelet are
not only the protagonists of the haemostatic process, but also has a key role in
inflammatory process (because they have high concentrations of pro-inflammatory
chemokines or immuno- modulatory), in antimicrobial defense (since the a-granules

are rich in "protein microbicide platelet "-CXCL4 , thymosin - B4 , derivatives of
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CXCL7- PBP ,CTAP - Il ,NAP- 2 and CCL5 -6 and complement proteins), in cell
replication (mitogenesis), in angiogenesis and in modulate tissue regeneration.
(Gallagher 2007; Lucarelli 2003)

Nowadays, there are many literature's studies on the use of platelet gel and growth
factors (GFs) contained in the platelets's a-granules (PDGF, TGF-B, EGF, FGF,
VEGF, IGF-1).

Platelets activated produce angiogenesis factors (VEGF, PDGF, FGF, EGF, HGF,
IGF) to promote vascular wall permeability, endothelial and fibroblasts cells
recruitment, growth and proliferation. (Tang et al 2002; Kisucka et al 2006; Nurden
et al 2008)

As opposed, platelets inhibit angiogenesis by endothelial cells apoptosis (TSP-1 is
a potent endothelial cell proliferation inhibitor; CXCL4 prevents binding of VEGF to
its cell receptor and interferes with the mitogenic effect of FGF and other proteins
such as angiostatin, endostatin and TIMP -1 and -4). (Jimenez et al 2000; Bikfalvi
2004)

Therefore, the use of platelet gel is effective in the treatment of various diseases
(skin ulcers, reduction of inflammation, increased angiogenesis, stimulation of
granulation tissue). Stimulation on bone regeneration and soft tissue, has led to its use
in maxillofacial surgery, in odontostomatology (implants, sinus lift, cleft palate), in
orthopedics and traumatology (soft tissue injuries, nonunion, loss of substance bone
following trauma or removal of cysts), in ophthalmology (corneal epithelial injury), in
cardiac surgery (sternal wound dehiscence) and in other disciplines in which is
appreciated effectiveness, ease of use and lack of reactions or events adverse.
Numerous evidences have tested gel platelet efficacy on skin ulcers repair (traumatic,
vascular, neuropathic, diabetic, osteomielitic, decubitus), on orthopedics disease
(osteosynthesis, pseudoarthrosis, osteotomies, joint replacement, infiltration intra-
articular), on maxillofacial surgery, on stomatology (ablative interventions of the

maxillofacial region, mandibular reconstruction, maxillary sinus), on ophthalmology
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(topical corneal lesions), on plastic surgery and cosmetic medicine. (Champion et al
1998; Misso at al 2006; Bryne et al 1991; Holloway et al 1993) According to the
Standards of Transfusion Medicine, allogeneic or autologous not transfusion blood
components, can be used topical, on skin or mucosal surfaces; for intra-tissue
infiltration; local application in surgical sites, alone or with the addition of non-
cellular biological material (e.g. bone tissue bank) or with medical devices. These
products must be produced by a Transfusion Medicine Laboratory and must meet the
criteria for the request, assignment, delivery and haemovigilance and guarantee the
identification and traceability of the donor and recipient.

In particular, can be produced:

a. Platelet concentrate (allogeneic or autologous): prepared from whole blood or
multicomponent apheresis or blood sampling in dedicated device. Can be used fresh
or frozen and contained defined and variable volume according to the type of use.
In conjunction with the production of platelet concentrate, can be produced
thrombin used as platelets activator.

b. Platelet gel: (allogeneic or autologous).it is obtained from platelet concentrate
activated at the site of application or in the production phase and delivered ready
for use, fresh or frozen.

c. Autologous serum eye drops. It is produced from a blood sample in which the
coagulation is activated and then separate the serum component.

d. Platelet concentrate eye drops. It is produced from autologous platelet
concentrate

e. Fibrin glue. It is a topical biological adhesive which mimics the final stages of
coagulation: from the fibrinogen chain thrombin splits into peptide A and B to form
a monomer, which polymerizes to form fibrin clot at the site of application. Fibrin
glue is a adjunct treatment in numerous surgical fields and is beneficial involve a
high risk of postoperative bleeding or the leakage of air, blood and other fluids. The

structural composition of fibrin and the binding of fibrin to cells and proteins
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determines the wound healing process. This represents an ideal delivery vehicle for

additional cells for the treatment of chronic wounds.

1.2.3. Stem cells

At the beginning of the 20th century, Alexander Maximow says that in the
peripheral blood there was a small number of circulating cells that has been able to be
pluripotent and he called these cells "gemeinsame Stamzellen".

After several decades of attempts, the existence of these stem cells, was confirmed,
Hematopoietic Stem Cells (HSC), cells with the capacity to self renew and the
potential to generate mature specialized cell types; they are able to differentiate into
cell types within the tissue in which they reside (“stem cell plasticity”). When a stem
cell divides, the daughter cells can either differentiate in a specialized cell or self
renew to remain a stem cell, so ensuring that the pool of stem cells is constantly
replenished; this is a necessary physiological mechanism for the maintenance of the
cellular composition of tissues and organs in the body. (Jansen et al 2005)

The general characteristics of stem cells can be classified as totipotent, pluripotent
and multipotent.

Totipotency is the ability to form all cell types; totipotent cells can basically form
the whole organism because they have unlimited capability.

Pluripotency is the ability to form several cell types but not the whole organism.
There are four classes of pluripotent stem cells: embryonic stem cells, embryonic germ
cells, embryonic carcinoma cells and the adult progenitor cells from bone marrow.

Multipotency is the ability to generate a limited range of differentiated cell lineages
appropriate to their location, e.g. blood stem cells which give rise to red blood cells,
white blood cells and platelets. (Durand et al 2005)

HSC transplantations started in the late 1940°s with experiments in mice. Starting
in the late 1950’s several groups tried to apply these concepts to the treatment of

patients with leukemia, and in the late 1970°s these concepts gained acceptance:
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allogenic or autologous bone marrow as source of stem cells, was used for all clinical
transplantations ; while, at that time ,peripheral blood as a source of stem cells was
still considered inadequate to permanently reconstitute hematopoiesis. (Jansen et al
2005)

The best studied adult stem cell is the hematopoietic stem cell (HSC).

The interest of transfusion medicine for HCS, concern the possibility of collecting
hematopoietic stem cell and transplant in recipients for the treatment of several major
blood diseases. HSC transplantation is an effective therapy for a wide variety of
neoplastic diseases, in addition to congenital and autoimmune disorders.

The HCS donors can be the recipient (autologous donor) or, more frequently, a
related or unrelated HLA compatible (allogeneic donor).

In autologous HSC transplantation, chemotherapy and/or radiation are
administered to the patients, so, prior to HSC transplantation, patients undergo
harvesting of their hematopoietic cells from bone marrow or from peripheral blood.

The allogeneic donors, typed according to international standards (IBMDR, EFI,
JAICE), are inserted in international directors (donor banks) and made available for
donation only after research of "perfect" HLA match with the recipient. (Shizuru 2005)

The HCS can be obtained by removal of bone (classic donation in use since the
60s) or peripheral blood after adequate "mobilization” from bone HCS with growth
factor G-CSF (10 pg/kg sc) and collecting in apheresis or by placental/cord blood.

Before 1990, almost all HSCs transplantations were bone marrow-derived. At the
end of the 1980’s the first case of allogeneic peripheral blood stem cell (PBSC)
transplantation was reported. Since the donor was not mobilized by cytokines, he
underwent ten aphaeresis to harvest a sufficient stem cell number. Engraftment was
successful. In 1988, the ability of granulocyte-macrophage colony stimulating factor
(GM-CSF) and granulocyte colony stimulating factor (G-CSF) to mobilize HSCs to
the blood stream was documented. Mobilization with either chemotherapy and/or

growth factors injection may result in an efflux of HSCs out of the bone marrow into
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the blood and lead to a concentration of HSCs in the peripheral blood that equals or
exceeds the concentration in the bone marrow itself. An HSC-enriched cell fraction
can then be collected by aphaeresis from the blood. In 1995, the first series of GCSF-
mobilized stem cell allogeneic transplantations was published. (Vaglio 2005)

The amount of HCS changes according to the type of source: the increased amount
of HCS is contained in the bone (up to 3%), followed by the cord blood (up to 1%)
and finally from the peripheral blood (up to 0.1%). However, today the most common
sampling is from peripheral blood because, after stimulation with G-CSF, the amount
of HCS increases considerably exceeding the amount contained in the bone and is less
invasive

Autologous and allogeneic HSC transplantations are used, depending on donor
availability and the type of treated disease.

The principle behind allogeneic HSC transplantation differs, as do the spectrum of
diseases treated and the potential benefits and complications.

Compared to autologous HSC, allogeneic HSC transplantation has a higher
incidence of treatment related morbidity and mortality, particularly because it contains
immune cells that can respond against host-specific antigens and causes the syndrome
called graft-versus-host disease (GVHD). Despite the prophylaxis with
immunosuppression, 20-30% of allogeneic HSC transplantation patients develop an
acute form of GVHD, and 50% develop a chronic form of the disease. If we put
together the risk of GVHD, immunosuppression, and the potential failure engraftment,
the transplantation-related mortality for an allogeneic HSC transplantation is 10-15%.
(Vaglio 2005)

Under standard conditions, donors and recipients are matched at the genes of the
human leucocyte antigens (HLA).

However, identify suitably matched related or unrelated donors can be difficult in
some patients and alternative sources of stem cells have been explored. Cord blood

provides a readily available source for such patients. The collection of cord blood cells
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is relatively easy and the risk of severe acute graft-versus-host disease (GVHD) is
lower.

Data accumulated over the past several years have demonstrated that cord blood is
an accepted alternative source for hematopoietic stem cells in children. It offers many
practical advantages such as:

1) absence of risk for mother and newborn;

2) relative ease of procurement and availability (as stored cord blood cells are fully
tested and HLA-typed, they are available for immediate use);

3) potential reduced risk of GVHD.

While the clinical data is encouraging for pediatric patients, cord blood use can be
more problematic in adult patients since the limited number of hematopoietic
progenitors and the collection can occur only in a single occasion. Nevertheless cord
blood transplantation has recently been explored in an increasing number of adult
patients. The reason is that, while the total numbers of mononuclear cells are limited,
the progenitor content and the proliferative potential of cord blood cells are high. So
some protocols are now available to attempt to use cord blood as an alternative source
of hematopoietic stem cells for allogeneic transplantations for adult patients too.
(Tokiko et al 2014)

The possibility to purify and expand HSCs has recently led to the implementation
of non-hematological clinical trials, aimed at developing tissue repair protocols in
chronic-degenerative disorders as Alzheimer’s disease, Parkinson’s disease and other
neurological disorders; it has opened up new and unexpected therapeutic perspectives
also in the treatment of nephropathies (kidney transplantation), and other diseases
involving liver, brain and heart. For example the infusion of autologous bone marrow
stem cells in the coronary artery has been proposed for regenerating the myocardium

after ischemia.
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1.2.4 Blood groups and molecular biology

Molecular biology has been extensively applied in characterizing the genetic basis
of blood group systems and developing clinical diagnostic tools for
immunohematology and transfusion medicine. The discovery of the molecular basis of
most red cell antigens, combined with advances in molecular testing, have paved the
way for the use of genotyping to predict the red cell phenotype.

Genotyping offers many advantages over serologic testing of recipient blood with
the primary benefit to predict the blood group phenotype in situations that do not
permit this serologically. For example, alloantibodies develop in approximately 2-4%
of people after transfusion, with a higher rate (20-40 %) among chronically transfused
patients such as those with sickle cell anemia or thalassemia. Using hemagglutination
to phenotype red blood cells from a person with alloantibodies can be complex and the
results can be difficult to interpret. In these cases, genotyping helps to predict the red
cell antigen type and provides a more complete characterization of the blood type.
(Flegel 2011; Denomme et al 2008; Hilleyer et al 2008; Westhoff 2008; Avent 2009)

Given the large number of known genetic events that silence or weaken the
expression of antigens encoded by an allele, it will be a long time before all relevant
nucleotide changes are revealed for all blood group systems in all ethnic groups. For
these reasons, care must be taken when using molecular methods as the serological
problem may involve the inheritance of a null allele, a hybrid gene or a new variant.

In this context, the analysis of blood group variants is very important to predict a
red cell phenotype using molecular methods.

Today, typical clinical applications for blood group genotyping are performed for
RH, ABO and other protein based blood group systems.

The methods for ABO and RH based on modular PCR with sequence specific
priming (PCR-SSP) brought about the first commercial blood typing kits, which are
still available today.
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Genetics of theABO

ABO was the first blood group system to be described and applied to clinical

practice. While ABO is also the first blood group system defined at the gene level, the
earliest clinical genotyping for any blood group system was published on RHD (Flegel
2013).

The genetics of the ABO blood group system was first described in by Bernstein
1924 as consisting of a set of three allelic genes, A, B and O, at a single genetic locus.
In 1976, the chromosomal assignment of the ABO locus was mapped to the region
9g34.2 at the distal end of the long arm of chromosome 9.

The genes direct the occurrence and location of A and B antigens; however, the
products of the genes are not the antigens themselves, but the enzymes
(glycotransferases) that contribute to the production of the A and B antigens.

The genes that direct A and B antigen development are at three separate loci: ABO,
Hh, and Se.

Three common alleles (A, B and O) are located at the ABO locus on chromosome
9 at 9934.1-g34.2, and the genes at the other two loci, Hh and Se, are closely linked on
chromosome. Hh and Se loci each have two recognizable alleles, one of which has no
demonstrable product and is considered an amorph. (Flegel 2013).

The active allele at the H locus, H, produces a glycosyltransferase that acts at the
cellular level to form the antigen on which A or B is built. The amorph, h, is very rare
with a prevalence of 0.004 percent. (Flegel 2013).

The Se gene is responsible for the expression of H (and indirectly responsible for
the expression of A and B) on the glycoproteins in epithelial secretions such as saliva.
Secretors inherit the Se gene; and their secreted glycoproteins express H, which can be
converted to A and/or B antigen if the A and/or B gene is/are also present. The amorph
is called se.

The H locus encodes a fucosyltransferase that produces the H antigen on RBCs,

which is an essential precursor to the ABO blood group antigens.
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The A gene, encodes a glycotransferase that bonds a-N-acetylgalactosamine to the
D-galactose end of the H antigen and produces the A antigen.

The B gene, similarly, determines the presence of the B antigen by encoding a
glycotransferase that joins a-D-galactose to the D-galactose terminal sugar of the H
antigen, creating the B antigen.

The O gene does not produce a functional protein; and in the heterozygote with an
A or B gene, has little influence on the expression the A or B antigen. Thus,
phenotypically, the O gene is recessive, and the A and B genes are codominant (Table
2). A and B genes differ from one another by seven single-base substitutions, which
result in four possible amino acid substitutions (at positions 176, 235, 266 and 268) in
the protein sequence of the A and B transferases. All variant A and B phenotypes,
which have a weaker expression of the A and B phenotypes (subgroups), have been
shown to be mutations of the A or B gene, resulting in less effective transferase
production. Multiple polymorphisms have been shown in the non coding regions of
genomic sequences of the ABO alleles, and these sequence variations can affect A and
B antigen expression resulting in weak ABO phenotypes. A single base deletion in the
O allele shifts the codon reading frame and is responsible for the loss of activity of the

A glycotransferase. (Flegel 2013).

Group Possible Genotypes
O a0
A AA, A0
B BB, BO
AB AB

Table 2. Genotypes of the ABO Blood Groups
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The molecular mechanism influencing the ABO alleles gene expression are three
groups: (i) epigenetics: (ii) epistasis; and (iii) molecular genetics. Blood group
antigens in general and the ABO antigens in particular are prime examples for
researching such mechanisms in the era of genomics and for utilizing the knowledge
in clinical applications. DNA methylation, as one of the epigenetic mechanisms, has
been shown to occur in the ABO gene: hypomethylation of CpG islands in the ABO
gene promoter was associated with the expression of the ABO antigens in cell lines
(Yamamoto et al 2012).

Second, epistasis, the modification of a phenotype of one gene by another gene,
has been known in ABO since 1952 , when Bhende et al. showed in 2 patients and
1donor that the ABO antigens were not expressed, because another gene product was
lacking This other gene became known as H transferase along with its extensive allele
polymorphism. (Kominato et al 1999).

Third, molecular genetics mechanisms explain the vast majority of blood group
antigens, caused by genetic variation in exons or in other parts of the gene. In fact, the
single nucleotide deletion in exon 6 of the ABO gene resulting in the lack of A and B
antigen expression and the phenotype blood group O, was the first example of a
genetic variant shown in any blood group gene (Yamamoto et al 1990). Today, several
hundred examples of genetic variations in exons are known to affect gene expression
among the 33 blood group systems. Genetic variations in gene segments other than the
exons, such as the promoter, 5 and 3' untranslated regions and the introns, are
observed less commonly, yet are equally important. Current examples are a tissue
(erythroid cell)-specific factor binding to the ABO promoter and an enhancer protein

binding ABO intron 1, which control the expression of the ABO gene (Sano et al 2012)
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Genetics of the RHD
There are now 51 antigens within the Rh system and more than 200 alleles for the

RHD gene alone. RHD zygosity has been resolved, epitopes have been mapped, and
many D variants with altered antigens have been identified.

Based on the homology of Rh polypeptides to the ammonia transporter AmpB,
computational analyses have modeled the 3D structure of the RhD polypeptide to learn
about additional potential functions of Rh polypeptides .The reason for this interest is
that RHAG, a gene located on chromosome 6 (6pll-p21), shares an identical exon
structure and major regions of sequence identity with RHD/RHCE (Carton et al 2001).

To date, the function of RhD and RhCE appears associated with membrane
integrity, and possibly transport of gases like carbon dioxide. RhnAG may contribute to
gas exchange across the plasma membrane, and its mutations are associated with
hereditary stomatocytosis (Marini et al 2000). Thus, expression of Rh polypeptides
and associated proteins is complex, and molecular discoveries have broadened our
understanding of this important blood group system.

Regard to genetics aspects, RH is a bigenic locus comprising RHD and RHCE
positioned in a tail-to-tail orientation toward the end of the short arm of chromosome 1
(p34-36). Another gene, SMP1, is interspersed between both RH genes in close
proximity to the 3’ end of RHCE. Identification of the single murine equivalent in the
mouse genome project provided evidence that RHCE evolved from the ancestral RH
on the basis of the position and orientation of murine genes in the region (Fig.8).
Therefore, RHD arose from a duplication event that predates modern humans.
(Blancher 2000)

During the duplication event, and possibly associated with its cause, two
approximately 9,000 base-pair-long homologous repeat sequences, termed Rhesus
boxes, were likely introduced that flank the RHD gene in the genomes of modern

humans. RHD was lost from the genome through unequal crossing over involving the
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upstream Rhesus box and downstream Rhesus box (Fig. 9), an event that may have
occurred more than once.

The tail-to-tail orientation may facilitate the large number of alleles; the
identification of corresponding nucleotides in both genes suggests that most hybrid
alleles arise through gene conversion events (Fig. 10)

RHD and RHCE share regions of identity, with the translated RhD polypeptide
differing at up to 36 amino acid positions depending on which RhCE polypeptide it is
compared. Both Rh polypeptides comprise 12 transmembraneous protein segments
and 6 extracellular /intracellular loops (Fig. 11).

Historically, serologic studies classified the D antigen into six major categories
(DIl through DVII, with DI being obsolete). Three epitope models were proposed
comprising 9-epitopes or 37-epitopes or the combination of both based on the
serological reaction pattern of more 80 monoclonal anti-D antibodies. (Lomas et al
1989; Scott 1996).

Many variants express altered D antigen, but no absolute correlation exists
between phenotypic expression and clinical relevance of RHD alleles. RHD alleles
have been classified on the basis of their phenotypic relationship to the molecular
variation: partial D, weak D types, DEL, and nonfunctional alleles.(Daniels 2002;
Reid et al 2003). More than 200 RHD alleles have been reported and may be grouped
according to serological and molecular features (Table 3).

The classification of partial D variants is based on the premise that certain amino

acid substitutions on an extracellular loop affect linear D epitopes or, more often, the
3dimensional conformation of that loop. Many partial D are identified using
monoclonal antibodies that target specific domains or loops on the surface of the
erythrocyte.

The D categories (DI1 to DVII) represent a subset of all partial D. DIl and DVII are
caused by single extracellular amino acid substitutions, while DIII, DIV, DV, and DVI

are caused by RHD-CE-D hybrid alleles and comprise several subtypes each. The
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classification as partial D is of clinical relevance because carriers often produce anti-D
upon exposure to the normal D antigen (Rouillac 1995).

However, for many partial D, anti-D immunization events are apparently rare, and
for several partial D there has been no observation of any patient with anti-D so far.
These facts are compatible with the conclusion that carriers of several distinct partial
D may be at a very low or no risk of anti-D immunization.

A weak D type is a variant of the RhD protein that comprises an amino acid
substitution located in the transmembraneous or intracellular segments and expresses a
reduced amount of D antigen (generally less than 5,000 D antigens per RBC). A group
of 16 distinct weak D types were described originally, but the total number of weak D
types including their subtypes now exceeds 80.

The substitutions are thought to cause folding problems during integration of the
protein into the RBC membrane, which can impede protein integration, affecting
palmitylation or anchoring of the polypeptide to the RBC cytoskeleton. Hence, the
amount of D antigen expressed on the RBC surface is quantitatively reduced, but the
D antigen itself remains, by-and-large, qualitatively unchanged. Therefore, the normal
D antigen is not usually immunogenic (Wagner et al 1999; Gane et al 2001).

Like the mentioned exception for several partial D that cannot be immunized, there
is an exception for some weak D types. Anti-D immunization in weak D carriers is
rare, but there are exceptions: examples include weak D type 15, weak D type 4.2, also
known as DAR, and weak D type 7.

The weak D types 1, 2, 3, and 4.0/4.1, which are the most prevalent in any
European and Caucasian population, represent more than 95% of all weak D types. To
date, more than 10 years after their molecular description, the literature has not
documented any carrier of weak D types 1 through 4.1 being alloimmunized and

producing allo-anti-D (Ansart Pirenne et al 2004; Legler et al 2001).
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Those observed produce low titer antibodies of autoantibody nature. The
observation that the common weak D types fail to make allo-anti-D is particularly
relevant in the prevention and management of anti-D alloimmunization in pregnancy.

A very weakly expressed D antigen is called DEL (formerly D) because it was
originally detected only if anti-D adsorbed and then eluted from RBCs.

Typically, RBCs with DEL express 200 or fewer copies of the D antigen per RBC.
The most common DEL is caused by the RHD(K409K) allele harboring the C1225A
nucleotide substitution in exon 9. Because it is very prevalent in D negative Asians, it
has been dubbed the “Asian type” DEL. This substitution is a silent single nucleotide
polymorphism (SNP), the amino acid lysine (K) at position 409 remains unchanged.
However, the substitution causes missplicing mRNA such that the complete full
messenger MRNA has never been documented and at most represents a very minor
form of transcript for translation. (Wagner et al 2001)

Even combined, all DEL phenotypes are rare in Europeans. Up to 30 % of
seemingly D-negative East Asian people carry the DEL RHD(K409K), but other DEL
alleles are also more frequent in Asia than in Europe.

DEL is of interest worldwide because of its potential to cause anti-D
alloimmunization when DEL-positive blood donors are inadvertently labeled as D
negative.

In addition, DEL alleles can cause genotype-phenotype discrepancies and should
be taken into consideration when fetal blood group genotyping methods depend on the
ethnicity of the parents. The fetal inheritance of DEL would not be considered a risk of
hemolytic disease of the fetus and newborn (HDFN). (Flegel 2005)

The most common D negative haplotype in all populations is caused by the
deletion of the whole RHD gene with the concomitant presence of the hybrid Rhesus
box (Fig. 9). However, other D negative haplotypes exist.

Some individuals who are D negative can harbor a nonfunctional RHD allele. One

of the first nonfunctional RHD alleles was termed RHD pseudogene (RHDy).
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Both nonfunctional alleles occur rather frequently in African populations. Less
common D negative alleles are caused by a host of different hybrid RHD-CE-D alleles
or nonsense and frame shift mutations. It is important to note that the distinction
between apparent D negative and DEL phenotypes by serology may be somewhat
arbitrary. But the clinical significance is not: DEL blood transfused to D negative
transfusion recipients is immunogenic, and the common “Asian type” DEL is not
prone to making anti-D after its carrier is transfused with normal D positive RBC
units. Therefore, in Asian populations, in whom D negative blood is rare, identifying
DEL transfusion recipients (approximately 1/3 of all serological D negative) could
significantly reduce the demand for Rh-negative blood (Daniels et al 1998; Singleton
et al 2000)

Rh null. The lack of both RhD and RhCE proteins may be caused by the
inheritance of two nonfunctional RHCE alleles in the background of an RHD deleted
haplotype. This constellation gives rise to the amorph type Rh phenotype (lack of any
Rh protein), in which neither D nor CE antigens are expressed null. Alternatively,
because the expression of either Rh protein requires the presence of RhAG for
appropriate assembly on the RBC membrane, defects in RHAG alleles cause the lack
of both RhD and RhCE proteins. This biological background explains why defects in
RHAG alleles cause the regulator type Rh phenotype (lack of expression of Rh
protein), in which D and CE antigens may be undetectable but are in principle
expressed .Rh null alloimmunization in pregnancy can be extremely difficult to
manage in the setting of HDFN, largely due to the lack of compatible allogenic blood.
Maternal blood has been used as a source of blood for the fetus and neonate (Kato
Yamazaki et al 2000)

RhCE variants. Partial antigens have been reported for the common RhCE

antigens; C, c, E, and e, although several RHCE alleles have been characterized and
many other alleles may exist. As with partial D, carriers of partial CE antigens can
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make antibodies to epitopes that are missing on the variant RhCE protein. Unlike
RHD, RHCE is not often deleted.

Therefore partial CE antigens are less obvious from serology, because they are
covered by the regular RhCE protein from the second chromosome. Few people carry
these variants, which is one reason that alloimmunization is uncommon. The clinical
relevance of RhCE variants may be more appreciated once molecular analysis allows
deeper insight into their associated immunization events, like, for instance, in sickle
cell disease (SCD) patients, in pregnancies, and in chronically transfused patients
(Tournamille et al 2010).
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Fig. 8: Duplication of the RH gene and loss of the RHD gene:The ancestral configuration is shown
as represented by the RH gene locus in mouse. The single RH gene is in close proximity to the three
genes SMP1, P29-associated protein (P), and NPD014 (N). A duplication event introduced a second RH
gene in reverse orientation between N and SMP1. At the two break points in front and behind the RHD
gene, DNA segments of approximately 9,000 base pairs (bp) occur. Both DNA segments are flanking
the RHD gene and dubbed “upstream Rhesus box‘“ and “downstream Rhesus box*. In the RHD positive
haplotype, the RHD gene may have been lost by a recombination event (see Fig. 10).
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Fig. 9. RHD deletion An unequal crossing over event between an upstream Rhesus box and a
downstream Rhesus box caused the RHD deletion. If one of the two crossed-over chromosomal threads
are resolved, an RH gene locus results that lacks the RHD gene completely and harbors a hybrid Rhesus
box.
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Fig. 10. RHD/RHCE hairpin formation

The schematic diagram depicts the mechanism of gene conversion at the Rhesus gene locus on one
chromosome. (i) The RHD and RHCE genes are inversely orientated, which is typical for clustered genes. (ii) A
hairpin formation of the chromosome would generate the close proximity of homologous segments in identical
orientation. This structural feature is generally instrumental in gene conversion events in cis. (iii) Resolving the
hairpin yields an RHD-CE-D hybrid gene structure, many of which have been observed to date at the RH gene
locus.
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Fig.11. Model of Rhesus proteins in the red blood cell membrane

Both Rhesus proteins comprise 417 amino acids, shown here as circles. Mature proteins in the membrane lack
the first amino acid. The amino acid substitutions that distinguish the RhCE from the RhD protein are marked in
yellow, with the 4 amino acids that code for the C antigen in green and the one that codes for the E antigen in black.
The single amino acids substitutions which code for partial D are in blue, and those that code for weak D are in red.
The mutations that had been identified at the Ulm Institute since 1999 are in light blue and orange. The
extracellular Rh vestibule is depicted by the inverted black arc and bordered in part by amino acids of loops 3 and
4. The nine exon boundaries in the RHD cDNA, as reflected in the amino acid sequence, are indicated by black
bars.
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antigen ¢

amino acid substitution on the RBC
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position 226 in RHCE

antigen ¢ Pro226 coding
antigen E

of antigen D antigen novel Rhesus
variation Phenotype protein variation Mechanisms RHD allele trivial name antigen
partial D qualitative change amrifnu acid substitution on the RBC missense mutation RHING3335) DNB Unknown
surface
protein scgment exchange on the RBC  gene conversion (hybrid protein)  RED-CE(3-6)-D DV type 3 BARC
surface
weak [ quantitative change amino acid substitution in the missense mutation RHD{VITOG) weak Dtype 1 Unknown
membrane or intracellularly
DEL major quantitative grossly reduced translation or missense mutation RHI{M2951) in CDe not applicable  unknown
change protein expression mutation at splice site RHD{KA00K) not applicable  unknown
D negative D negative lack of protein expression gene deletion RHD-Deletion D negative unknown
nonscnse mutation RHD{Y330X) not applicable  unknown
Frame shift mutation RHD{488dcl4) not applicable  unknown
modifying gene defect of RHAG gene Rh,.q unknown
protein scgment exchange on the RBC  gene conversion (hybrid protein)  RED-CE(3-7)-D s Unknown
surface
antithctical antigens  expression of antigen E or missense mutation at amino acid RHCE allele: Ala226 coding not applicable  E versus ¢

WA FlegelfTransfusion and Apherests Science 44 (2011) 81-51

Table 3. Representative molecular changes in RHD alleles expressing distinct phenotypes of the D

antigen
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2. AIM OF THE THESIS

The transfusion medicine history transformed its connotations through the
millennia: from magic and esoteric practice of the ancient peoples, becomes today a
fascinating scientific reality with multiple areas of action.

The improvements of the last decades have created many fields of interest to the
scientific community and radically changed the Blood Transfusion Service work.

As witnessed by the numerous scientific sessions of the national and international
conferences in recent decades (SIMTI, ISBT), together the historical transfusion
activities involving the processing and banking blood, there is a strong interest in new
activities able to open new and avant-garde borders in public health.

The scientific discoveries and technologic advances that in the last 50 years have

transformed transfusion medicine and blood banking are reported in table 4:

Transfusion Medicine Improvements

Apheresis technology

Morrow and hematopoietic stem cells
RBC antigen and alloantibodies

The role of WBC

PIt and neutrophil antigens and antibodies
Volunteer blood donors

Blood safety

Hematopoietic growth factors
Plasma derivatives

Blood utilization and managements
Blood groups and Molecular Biology

Table 4. Transfusion Medicine Improvements: key scientific discoveries and technologic
advances in blood banking and transfusion medicine

Thus the aim of my PhD was investigate knowledge focusing on molecular and

cellular basic and applied aspects of Immunohematology and Transfusion Medicine.
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Regard transfusion medicine, the application aspects related the transfusion
approach to Moschcowitz syndrome (TTP or thrombotic thrombocytopenic purpura)
and the role of regenerative medicine in osteoarticular injury.

The first was a pathophysiological and clinical study of four clinical cases of
patients affected by TTP and treated with plasma exchange, in the light of the
therapeutic role of plasma therapy in this syndrome and the most recent
etiopathogenesis knowledge of the disease. TTP is characterized by disseminated
thrombotic microangiopathy associated with haemolytic microangiopathic anaemia.
The pathogenesis is closely related to von Willebrand factor (VWF) since there were
unusually large or ultralarge multimers of VWF (ULVWF) in the circulation of
patients. Some severe forms of TTP seem to be related to ADAMST 13 plasma
reduction. ADAMTS 13, a plasma reprolysin-like metalloprotease, cleaves VWF and
attenuates arterial/venous thrombosis after oxidative injury. The more distal portion of
ADAMTS-13 (TSP1 2-8 repeats and CUB domains) may function as a disulfide bond
reductase to prevent an elongation of ultra-large VWF strings on activated endothelial
cells and inhibit platelet adhesion/aggregation on collagen surface under flow.
Remarkably, the proteolytic cleavage of VWF by ADAMTS-13 is accelerated by
FVIII and platelets under fluid shear stress. A disruption of the interactions between
FVIII (or platelet glycoprotein 1ba) and VWF dramatically impairs ADAMTS-13-
dependent proteolysis of VWEF in vitro and in vivo. These results suggest that FVIII
and platelets may be physiological cofactors regulating VWF proteolysis. Finally, the
structure—function and autoantibody mapping studies allow us to identify an
ADAMTS-13 variant with increased specific activity but reduced inhibition by
autoantibodies in patients with acquired TTP. Together, these findings provide novel
insight into the mechanism of VWEF proteolysis and tools for the therapy of acquired
TTP (Zheng et al 2013).

The second application regards the role of regenerative medicine in osteoarticular

injury, in particularly the effect of the platelet gel application in orthopedics was
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studied. The platelets gel has a positive effect in tissue repair because effective
accelerate the healing process of osteochondral, muscle, tendon and ligament lesions.
In fact, platelets produce, store, and, if activated, release growth factors or GFs
(VEGF, PDGF, FGF, EGF, HGF, IGF)) capable of several function as: inducing the
replication of mesenchymal cells, exerting chemotactic action towards the
inflammatory cells (polymorphonuclear leukocytes, monocytes, and macrophages),
stimulating the release of proteases responsible for tissue remodeling. Therefore,
platelet key role in the inflammatory process (due to high concentrations of pro-
inflammatory or immune- modulatory cytokines), in the antimicrobial defense (since
the a- granules are rich 15 in "protein microbicide platelet”, chemokines -CXCL4,
thymosin-p4, derivatives of CXCL7- PBP, CTAP - Ill, 16 NAP- 2 and CCL5 -6 and
complement proteins), in cell replication (mitogenesis), in angiogenesis and actively
modulate tissue regeneration (Lucarelli et al 2003).

The basic aspects of classical Immunohematology were related to the role of ABO
antigens in aging and to the study of allelic variants of the antigen RhD.

Regards the role of ABO antigens in longevity were reanalyzed data from a
previous pilot study performed by our group and conducted on Sicilians centenarians
(Vasto S, Caruso C, Castiglia L, Duro G, Monastero R, Rizzo C. Blood group does not
appear to affect longevity a pilot study in centenarians from Western Sicily.
Biogerontology. 2011 Oct;12(5):467-71). Centenarians are the best example of
extreme human longevity, and they represent a selected population in which the
appearance of major age-related diseases, such as cancer, and cardiovascular diseases,
has been consistently delayed or escaped. The study of the long-lived individual
genetic profile serves to identify the genes and the allelic variations influencing
extended life expectancy. The aim of the study was tried to attempt a possible
connection between the histo-blood group ABO and life expectancy, because the ABO
phenotype was one of the first marker to be typed both for studying disease and ageing

(Aird et al 1953; Murray 1961). The observed data showed a not-significant increase
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of Al allele in Sicilian centenarians. It is very interesting because literature shows that
levels of serum soluble E-selectin (inflammatory marker of several diseases,
cardiovascular included), are higher in O/O individuals, whereas a single nucleotide
polymorphism in Al allele is associated with low levels of these inflammatory
markers. So, Al allele increase in Sicilian centenarians, due to low levels of
inflammatory mediators, mignt be related to the protection from adverse
cardiovascular events.

In the light of these data and of the evidences that the ABO blood antigens might
play a key role in various human diseases, we reviewed the literature to study in deep
the possible association of ABO group with age-related diseases and longevity taking
into account the biological role of the ABO glycosyltransferases on some
inflammatory mediators as adhesion molecules.

The study of allelic variants of the antigen RhD was started at the Transfusion
Service of AOUP “Paolo Giaccone” to perform the biomolecular analysis of all
samples serologically identified as D variant or Du.

The daily activity of serology laboratory, not distinguish an antigenic expression
weak quantitative (weak D) from a qualitative (D Partial). This may be clinically
significant in transfusion practice or prevention of HDFN.

Therefore, after confirming the importance of bimolecular evaluation of donors
and patients referred to our service transfusion, the project was approved by the
President of SIMTI, Ph. Claudio Velati (fig 12) and was proposed to the transfusion
services in the Province of Palermo to start an epidemiological study of allelic variants
of RHD. The purpose of this analysis was to assess the impact of the phenomenon on
the study population and map genotypes recurring.

Considered the low incidence of samples RHD variant, the study is still in progress
and is not yet complete recruitment of the samples. The partial analysis of the results
obtained until now, has shown that the incidence of the D variant forms (0.12%) is

slightly lower than described in literature for the general population (0.2-1%) and that,
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unexpectedly, the sample observed shows a high prevalence of weak samples 5 and
11, usually less common. This shifts the focus on genetic differences of the different
ethnic groups to be found in the natural history of the Sicilian population.

Furthermore, the observation of D variant compared to genotype RHCE highlights
the constant association of forms Dvariant with a genotype RHCE that always
determines the expression of C or E. These suggest that the RHD gene variant
expressions may be related or dependent by trans position of RHE /C. These data give
a new study perspective oriented to a of proteomic analysis.

Another applicative aspect of transfusion services laboratory activities, concerns the
HLA typing for stem cells and cord blood cells banking or for the study of platelet and
erythrocyte reactivity. The new literature, data show a clear correlation between HLA
and leukemia. In our Transfusion Service, the leukemia patients represent the largest
sample of receiving blood and platelets and more exposed to the risk of
alloimmunization. Then was made a literature review for preliminary correlation study
between HLA and leukemia.

HLA plays a central role in immune surveillance, and HLA polymorphisms may
impact the ability of the immune system to identify malignant cells and target them for
T cell-mediated elimination. HLA class | proteins (HLA-A, -C, and -B) present
peptides from endogenous proteins to cytotoxic T lymphocytes. HLA class Il proteins
(HLA-DRB3/4/5, -DRB1, and -DQB1) present peptides derived from exogenous
proteins to CD41 helper T cells.

With regard to the possible role of HLA molecules in leukemia, a causative role of
HLA in terms of presentation of a nonself-peptide (i.e. virus) or altered self-peptide
(i.e. a mutated oncogene) is a possibility. However, this effect might be mediated by
NK cells, known to control tumor transformation and viral infection. In fact, HLA
class | antigen, in particular HLA-C alleles, play a role as KIR ligands that play a
crucial role in the activity of natural killer cells (Gragert et al 2014)
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Introduction

Thrombotic thrombocytopenic purpura (TTE),
a dizease charscterized by disseminated thrombotic
microangiopathy asseciated with haemolytic
microsngiopathic ansemia_ was described for the first
time by Eli Moscowitz in 1925 as an "acute febrile
pleiochromic ansemia with hyaline thrombosis of
the terming] arericles snd capillaries™. The disease
is now better understood from & pathophysiological
point of view even though it rarity (anomsl incidence
of 11.3 cases per 1,000,000 population)* and the
lack of specificity of the signs, symptoms and
lsboratory findings make its management difficult
The symptoms, &5 stated, are non-specific: fever,
renal dysfunction (to the point of acute rensl failure m
some cases), flucmating newrclogical disorders (mild
headache, onset of behavioural anomalies, transient
sensory and motor deficits, coma), possible ischaenic
Eastrointestingl complications (abdominal pain)) and
retinal detachment More than 35% of panents do not
have neurclogical symptoms at onset; fever and renal
dysfunction are present in only a small minority of
cases. The disgnosis can, therefore, be made in the
presence of 3 microsngiopathic haemaokytic anasmia
{with schistocytes in 8 peripheral blood smear),
thrombocytopenia (from platelet consumprion)) and
increased levels of lactate dehydrogenasze (LDH) not
due to other identifisble canses™.

In 1982, as a result of the need to aid the differential
diagmosis in these cases, Moake er al * observed that
the pathogenesis of TTP is closely related to von
Willebrand factor (VWF) since there were unusually
large or ulralarge multimers of VIWE (ULVWE) in
the circulation of patients with TTP whereas these
mmlimers were nof present in panents n remission

of in healthy conirols. Moake hypothesised that
the patents with TTP lacked a protease capable
of cleaving the TTLVWF mmultimers to prevent the
miravascular formation of thrombi. Coly in 19946,
drawing on the independent observations of Tsai®
and Furlan’, there was an understanding of the
relanonship with a metalloprotease whose lack or
mhibiton plays a key role in the pathology of TTP®:
ADANTS 13, "a disintegrin-like and metalloprotease
with thrombospondin repeats”.

In conditions of high shear stess in the blood, the
ULVWF multmers secreted by actvared endothelial
cells are anchored as filaments to the molecules of
P-zelecnn exposed on the surface of the acavated
endotheliim ADAWTELS regulstes the length and,
therefore, the thrombogenic potential of the WVIWE by
hinding to the accessible A3 domains of the VIWF and
bresking down the TTLVWEF mmaltimers by clesving the
peptide bond between the Tyl 605-MIet]l 606 residues
m the AT domain As a consequence of a lack of
ADAMTS13 (activity <50%), ULVWE multimers are
not broken down after being secreted by endothelial
cells, but remain anchored to the endothelinm.
Platelets passing close by adhere throngh Gplb and
the GplIb/Ta complex to the Al and A3 domains
of the monomeric subunits of the TTLVWF filaments
anchored to the P-selectin and form large, occlesive
thrombi.

In congenital forms of TTP mutations have been
found in the gene for ADAMTS 13 (located on
chromosome 9934). hore than 70 mtations have
been identified so far §0%% are missense mutations,
while the other 40% are nonsense, frameshift or
splicing mutations'™"". The disease has an autosomsal
recessive mode of inheritance and is usually, but

5n
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not always, manifested at birth or during infancy.
The congemital cases are exgemely rare (incdence
1:1,000,000) and account for a small percentage
(5%) of all cases of TTP. More frequently the
disease i3 manifested in adults as secondary TTP
(in hasmatopoienc stem cell mansplant recipients,
in pregnant women, in patients with autoinarmne
diseases, human immmmodeficiency virus infection
or cancer'™) or as idiopathic TTP characterized in
T0-80% of cases by the presence of e sntoentibodies
(mainly IzG4) capable of inhibiting the enzymatc
fimction of ADAMTSELS in various ways. 2G4 block
the protechymic acovity of ADANMTSEL 3 with regards
to WVWF, increasing the clearsnce of ADANMTS13
from the bloodstream, or can interfere with the
interactions between ADAMTS13 and cells or other
plasma proteins. The biological function of the IgG
is smongly dependent on ther specificity, affinity and
subclass: IpGed are produced meinly afier a prokonged
period of anngenic stimulation snd for this reason
the abundant production of IsG4 ant-ADARMTE13
autcantibodies suggests a condition of chronic
anfigenic stimulation of the immmume system when
the mechanisms of systemic inrrmine tolerance fail'.

From s wansfirsional point of view, the mierest in
TTPi based on the possibility of meating patients with
plasma exchange (PEX) with fiesh-frozen plasma.
Since the introduction of this mestment in te 1970s,
the natural history of TTP has changed radically, with
T0-80%% of patients obtaining a complete remission
(compared to 3 mortality rate of 0% in untrested
patients)**. The problem with the meamment of TTP is
that although 804 of panents have & conplete response
to therapy (responders), about 20% of patients relapse
after successful meament of an acute episode or are
refractory to PEX with persistent thrombocytoperis
and high levels of LDH after a complete cycle of
treameent (gt least 7 days) of PEX (refractory or
non-resporders or partial regponders). The Canadian
Apheresis group found that 36% of patents with TTP
relapsed during a 10-year follow-up™*.

Our experience

Ina2-momthperiod (hay - Fuly 2011 the therapeutic
apheresis group at the Service of Transfusion Medicme
of "Paoko Gisccone™ Hospital in Palermo observed and
used PEX o weat four cases of acquired TTP anending
the Haematmlogy Unit of the same hospital.

51

After a careful clinical evaluation, the disgnosis of
TTPwas made on the basis of signs of microansiopathic
haemolysis, a4 negatve Coombs' test, decresses m
haemoglobin concentration and platelet count, an
increase m the munber of retoulocytes, the presence of
schistocytes in a peripheral blood smear, and increases
in the vahes of total bilimubin and serom actvity of
LDH. The diagnosis was not, however, supported
by the search for ent-ADAMTE13 antibodies or an
evaluation of the activity of this enzyme.

All the patients were treated with the same
therapeutic regimen which, m accordance with the
Euidelines from the American Society for Apheresis'™,
consisted of daily PEX with the exchange of at least
one plasma volume. The replacement fhoid which
was fresh-frozen plasma and physiological saline in
a ratio of 2:1, enabled 100% of the plasma vohime
to be exchanged m all four panents. At least nine
exchange sessions were performed before achieving
anormal platelet count (=150 10%L) and LIVH levels
(=300 ITVL) on 3 consecutive days. Furthermore,
ezch patient was meated with adjmrant corticosteroids
(methyiprednizolone 1 mg/Fg/die)"". The trensfiusion
therapy consisted of infusion of red cell concentrates
and plarelets o enable the placement of 3 central venous
catheter without mmning the risk of hsemorrhage
during its insertion. Afer normalization of the platelet
coumt, the PEC was suspended for clinical observation
and laboratory stedies. The patents were discharged
only after their platelet comnts and TDH levels had
remained stable for 1 week (Table I).

The observation of 5o many patients in such a shor
time stimulated our group to evaluste the patients'
response to reafment, in terms of nommalisation
of platelet count, levels of LDH and heemoglobin
concentration, during snd immedistely after the FEID
therapy.

Cazel

A 20-year old secundipara (blood group O
positive, phenotype Fh CCDee, kk) was referred to
us becanse of a first relapse of TTP. The diagnosis
had been made 18 months earlier during the woman's
second pregnancy (38 week), when she was admmthed
to hospital because of anaemis and worsening
thrombocytopenia with diffuse petechise on the
abdiomen and lower hmbs. Cm that occasion. mesment
was started with stercids and an infision of fresh-
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Table I - Clinical and labomtory features of the four patients with TTE

Caze 1 Caze 1 Caze 3 Caze d
Agg (ysars) 29 0 4 i
Typa of TTP Ealapsad TTP Acai TTP Acute TTP Post-partmm TTP
Elood goup OO ACDEs AC{DEs ACDEs
thmebocytopenia and thrombocyiopania threanbocytopenia and. thmmbocyiopania
petuchize of lower limbs. and menc-metorragia petuchize of Lowsr linmshs. and parsasthesia
Laboratory pammatars. HbE3 gidl; P ixI0VL; B34 pdl; PledixlWL; Eb74gdl, Ph2xI00L; Hb @ gl Pl 281070
at onsst LD 3550 TUL LDH 2180 LI LDE 127 UL LDH 1588 UL
PEX % axchamge sessions 10 emchangs sewdons % axchamge sessions 11 axchamgs sewidom
(2000 p=l plasreva ) (2,200 mlL. plaszmsafo) (2,000 p=l phizra®) {2,200 mlL plazzmsafo)
Placoms vobums anchanged 100 100% 100% 100%
e
Transfeion troatmet 4units of BBC, 23 emis 2 wmits of RBC, 20 mits 1 it of RBC, 2units of RBC, 16 mits
of FFF, 2 units of Pit of FFP, | unitof Pit 27 it of FFP cf FFF, 2 mits of Plt
from aphereiis from aphereais from aphemsis
Stast of ritexizmb dry 5 day 17 no e
Teamant
{day of admeission)
Laborainry pammstars Hi 10,5 gidL; Hb 10 gMdL: b 111 gHdL; Hb 114 gidl;
at discharge Pl 02100 Pir 1631071 Pt 1E3x 07T Pir 1221071
LDET475 L LDH 450 IIL LDE 279 IUL LDH 241 L

frozen plasma: the woman had a complete response
which enabled her pregmancy to be concluded with &
delivery by Caesarean section. Following discharge
fiom hospital, the patient had monthly follow-up
assessments for § months with apparent resohution of
the disease. The relapse started with a fever (lasong
1 week) with considerable weskness followed by
the appesrance of petechise on the lower limbs and
pathognomonic laboratory evidence of recurrent
disease (platelet count 5x10°L, Hb 8.3 g'dL) together
with increased indices of hasmolysis and renal
fimction (total bilitubin 3.91 meg/dl., LDH 3669
IUL, AST/ALT 48/31 TU/L, crestinine 1.7 mg/dL),
anegative Coombs' test and six to seven schistocytes
per field in a peripheral blood smear.

A therapeutic protecel of PEX was started
immediately and, in relation to her own plasms
wolume, the patent's plasma was exchanged with
2,000 mL of fresh-frozen plasma‘die (percentage of
plasma vohme exchanged: 100%46) for 8 days until her
platelet count and haemoglobin concentration reached
levels compatible with resohution of the dyscrasia and
haemolby=is (platelets =140x 107 L, Hb =10 g/'dL, total
and direct bilirubin < 1mg/dl).

Eight days after suspension of PEX the disease

recurred with & new decrease mn the platelet count
(platelets 52x107L), so the patient was meated with
nnpdmab G00 mg (Figure 1).

Caze 2

A 50-year old woman (blood group A Fh positive,
phenciype CcDEe Ek) with a euthyroid nodular
goimre in menopause for 1 year was referred to
us because of progressive weakness, ecchymoses
and an episode of marked meno-memrorthagia.
Laboratory tests showed snaemis (Hb 2.5 g/dL),
thrombocytopenia (platelets 20x10%L) and indices
of haemolysis (LDH 2,180 IUVL, totel bilindbin 3.36
2'dL), five to six schistocytes per field in a peripheral
blood smear and a negative Coombs' test companble
with the diagnosis of TTP. The patient had no
neurclological disorders or neurcpsychological
alterations.

The patient started treatment with PEX, in
which her plasma was exchanged with 2,200 ml.
of fresh-frozen plasma'die (percentage of plasma
volume exchanged: 100%) in ten sessions at the
end of which she had a good recovery of her blood
count and nommalisation of indices of haemalysis.

After the sixth session of plasmapheresis the patient
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suddenly developed fever (39 =C), lugh levels of
ransaminases (ATT 224 TIVL) and a new decrease
in platelet count, 50 she was started on trestment with
rineamal 600 mg. After a few hours high levels of
transaminases associated with a fever were again
recorded levels and for this reason the freatment

R
A==p L ere

was suspended Omly 6 days later was reactivation
of 8 previous cytomegslovimus (ChV) infection
clearly demonstrated (CRIV Ighd negative, ChV
I=zG positive, CMV ppf5 positve, CMV DMNA
positive) and specific anfrviral meamment was started
(valaciclovir hydrocholoride) (Figure 2).
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Fignre 1 - First relapse of TTP: frend in platelet com (Plt). haemoglobin

concentration (Hb) and levels of total bilirubin (Bil Tot) and lactte
dehydrogenase (LDH) during Teament with plasma exchanze
(box): the lack of a platelet response is clear.
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Figmre X - Trends in platelet comnt (Pl) and transaminase concensration (ATT)
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from the day of admizsicn and in relation to the plasma exchange
58551005 (FITOWS) M A patient with cytomegalovins infection.
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Casze 3

The third case was a 54-year old woman (blood
group A Bh positive CcDEe kE) with an approcdmarely
20+year history of Faynand's phencmenon for which she
is regularty reated in the Day Hospital with floprost, a
synthetic analogme of prostacyclin I with vasodilatng,
wionnan's last planned admission to the angology ward,
in which she should have received her meatment and
follow-up, she was seen to have evident manifestations
of cutaneous bleeding (petechiae on the lower limbs,
ecchymoses in the ghrteal region, hasmamma) with
clear laboratory evidence of ansemia (Hb 7.4 g/dL),
thrombocytopenis (platelets 23x107L) and haemolysis
(tofal bilimibin 1.39 g/dl; LDH 1,274 IUL). There
were 5i¥ o seven schistocytes per field in the peripheral
blood smear. The Coombs' test was negamve. These
findings were immedistely compatible with a diagnosis
of TTE, despite the absence of neurclogical disorders or
neuropsychological disturbances, and PEX reatment
was started with the aim of exchanging the patient's
plasma with 2,000 ml of fresh-frozen plasma’die
(percentage of plasma vohmme exchanged: 100%). At
the end of the cycle of nine sessions, the patient had a
good blood count recovery and complete resolution of
heemolysis (Hb 11.1 g/dL; platelets 183x10°L; LDH
279 TUL) (Figure 3.
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Figure 3 - Trends m indices ofhasmolby=s, 3 i
and anaemia in a patient with Faynaud's
phenomenon who responded o reztment with
plasma exchange (sessions of plasma exchamee
camied out o the days shown in the box).

Cased

A 3l-year old plunpara (blood group A Fh
positive with phenorype CcDEe kk) was referred
to us because 1 month after her last delivery she
developed notable weakness with even modest
efforts often associated with recwment parsesthesia
of the upper limbs. At the ime of her admission the
clinical findings and laboratory results -ansemia
(Hhb 9 g/dL), thrombocytopenia {platelets 28:x1071),
signs of haemolysis (fotal bilimbin 2.13 g/dL; LDH
1,588 TU/L)- together with the presence of three to
four schustocytes per fiald in a peripheral blood smesr
suggested a dispnosis of post-parmum TTE The patent
was meated with 11 sessions of PEX in which her
plasma was exchanged with 2 000 ml of fresh-frozen
plasma/die (percentzge of plasma volume exchanzed:
100#4); she was also grven sdjuvant cortisone therapry.
During the first sessions of PEX the womsan had an
evident neurological disorder (dysarthria) which
resolved completely as reamment was confinwed.

At the end of the meamment the patent had a clear
recovery of platelet count (platelets 154x10%1L),
an mprovement of the pichure of haemolysis (total
bilirubin 0.30 g/dL; LDH 230 IUVL) and resclution
of snsemia (Hb 11 g/dL) (Figure 4).

Fi] WLT il iz

Figure 4 - Trends m laboratory parameters n 3 patient with
post-parnen TTP who responded to reatment
with plasma exchange.
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Diseunssion

The cases observed highlighted some particularky
imterestng climical aspects. Dhring a carefil evalation
ofthe pharmacolomical history of case 1, it emerged that
2 months prior to the onset of the relapse, the panent had
spontanecushy assmmed dietary supplements containing
chitozan 8 non-acetylated or pardalty descetylated linear
potysaccharide dermved from chitin (which is found in
natme i the exoskeleton of custaceans, in the ooticle
of msects and m the cell walls of fimgi) associated with
succinic acid". Although a stong relstion=hip betwesen
these molemiles and the appearance of TTP has not been
described m the hiterature, it is known that chitosan acts
invitre as a modulator of the scivation and adhesion of
plarelers such that already a few years ago its haemostatic
effect n heparinised mice was noted, confimming the fct
thatits actvity does not depend on the mterference with
the coagnlation cascade, but rather from sn inferaction
with the elements of primary hsemostasis'”. Subsequent
studies demonsrared that chifosen-dependent platelet
activation cases the release of growth factors contaimed
in the o-grenules of platelets and this stnmns could,
therefore, be potentially nsefil for acovatng platelet-
rich plasma_ by-passing the allergic and prothrombotic
effects of the thrombin normeally wsed for this purpose™™.
In addinon, & recent sudy indicated that succimate
could also be sn independent platelet activator™. Ircan,
therefore, be hypothesised that, in the presence of a
pathological condinom predisposing to the formation
of thrombi, a stimmias of this type could mgger relapse
of the disease.

Case 2, in contrast, showed an interesting
association berween TTP and CAV infection As
recently observed™ there may be relationship (albeit
not well defined) berween infections (including
those by CAMV) and TTP, particularly as regards
response to therspy and the possibility of relapses
or exacerbations. The mechanism of action of this
is unclear bt it is possible that infections together
with other inflammatory stimuli could alter the
delicate equilibrmm berween VIWF and the activity
of ADAWTS13. Infection-induced vasoular activation
could increase the release of ULVWE through the
effects of mierleukin-8 and nomour necrosis factor-a,
while inter]sikin-& mhibits the cleavage of ULVINE,
on the other hand sepsis causes a decrease in the
activity of ADAMTS13 both trough its cleavage by
proteclytc enrymes in the bloodstream and through
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its reduced synthesis in the liver®. Funthermore, it
is possible that, as for other micro-organisms, the
inpmmaogenic stmulaton of the infection could canse
a cross-Teaction with ant-ADAMTS13 antbodies,
reducing the activity of the protein and thereby
limiting the response to therapy’-’. Furthermore,
in the specific case of ChW, this vims can infect
megakaryocytes directly snd, therefore, reduce the
producton of platelets®. Indeed, we observed a
proporionsl, imverse relanonship between plateler
coumt and ransaminase levels in our patdent (Figure 2).

As far as concems case 3, Baynand's phenomenon,
the chinical expression of a ransitory ischaemic crisis
cansed by vasoconsmiction of the digital arteries,
precapillary areroles and cutanecus arteriovenous
shimts in response to cold or emotion, Can present &5 a
primary condition or secondary to systemic sclerosis.
The pathogenesis of this phenomencon, although not
completely understood, may involve dysregulation
of mechsnizme of neurcendothelial control and the
presence of inravasoular anomalies such as platelet
activanon, reduced fibrinolysis, activation of white
blood cells, reduced deformability of red blood cells,
high oxddative stress due to accummlation of free
radicals and the possible presence of end-endothelnmm
antibedies™. In particular, platelet activation plays
a key role in the pamral hstory of the disease.
Indead, during systemic sclerosis, the o-granules of
platelers release greater quantities of medistors with
pleiotropic activities able to influence the matural
history of the disease In vanous ways because
they act on vascular tone and pro-inflammatory
mechanizmes as well as snmmlating fibrogenesis and
anpiogenssis. In particular, high levels of vascular
endothelial growth factor (VEGF) have been found
in the serum of patients with systemic sclerosis. This
growith factor, besides being involved m endothelial
cell regeneranon (simmlanng their survival, growth,
permesbility and migration) is also imvelved in the
regulation of inflamatory processes. The angiogenic
activity and stabilisation of the vessel wall camied out
by VEGF are expressed through interacviions with
other mediators present in the endothelium such as
platelet-demived growih factor, mansforming growth
factor-p and angiopoietin®. Between 1966 al 2010,
16 cases of systemic sclerosis associated with TTP
were reported in the literamure, one of which in a
pregnant woman™ - although the pathophysiological
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mechsnism underlyimg this association is not known,
baszed on the foregoing, it canbe hypothesized that the
platelet activation present in systemdc sclerosis could
be a valid subsrate for exposing a latent thrombotic
state related to a functional or quantitative lack of
ADANMTS13; furthermore, the presence of IgG
autcantibodies ageinst ADAMTS13" is mdicative
of a elatonship with autoimmmne diseases, of which
systemic sclerosis is one.

The last case observed (case 4) focused our
attention on the association between TTP and
pregnancy. The mcidence of pregnancy-associated
TTPis 1:25,000 prepnancies and this form of TTP
accounts for about 10% of all cases of TTE The
disesse can appear de nove dunng the pregnancy or
as areactivation of a previously known TTP migzered
by the prepnancy because of the presence of placental
proteins in the bloodstream capable of inducing
the production of anti-ADAMTS13 antibodies®!.
Unformmsately, these clinical pictures often overlap
with pre-eclampsia/eclampsia and HELLP and so
the diagmosis is missed From a careful review of
published data on prepnancy-asseciated TTP (from
which cases of pre-eclampsia‘'eclampsia and HET TP
were excluded) from 1955 to 2006, Martin er al.
showed that the mean gestational age of onset of TTP
iz late: among the patents affected by anre-parnum
TTP, 55.5% developed the disorder in the second
trimester of pregoancy (25 9=8.3 weeks), 32.8%
during the third mimester (38.5=1.9 weeks) and only
11.7% in the first tmmester. TTP in the puerperium is

less cormmmon {12.7%) and ocours & mean of 4 days
after delivery, although the range is from 0 to 42 days.
However, there are no sisnificant differences m the
outcome of panents who develop TTP ante-partum
or post-parium with regards to either laboratory
findings or maternal mortality (ante-parum 25 8%,
post-parum 23.8%0)" and in both cases PEX (better
if associated with adjuvant cornisone therapy) is the
treatment of choice (Figure 4}

The type of response in the dsys immediately
following suspension of PEX can be evaluated
in the light of the cases observed. Panents with a
first episode of disease are defined “responders"
if they achieve nommalisation of platelet count
(=150x10%L) and IDH (=300 IU/L), an increase
in haemoglobin (=2.5 g/dl) and clinical resolution
of neurclogical symptoms (when present) and
sigms of microangiopathy (ecchymoses, petechize,
haematomas) 3 days after the last treatment;
as "partial responders" if they have a clear
improvement in clinical and laboratory findings but
a platelet count berween 75x10°L and 150x10%1;
and as "non-responders or refractory” if the
platelet count remains <75x10°L with or without
neurological distarbances and/or persistence of signs
of microangiopathic damage. The patient with a
relapse of TTP was evaluated nsing the same criteria
but extending the time of observation to & days
after the last reatment in order to assess whether
a relapse ocourred after suspension of reament
(Figures 5 and ).
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Figure 5 - Mean mends in lzboratory paremesers - mean platelst coums (Fif), mean
lactate dehydropenase concenfraton (LDH) and mean haemoelobin
concenfration (Hb) - in patents responding to weatment (plasma
exchange sessions i the box).
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Figure § - Wean mends i labomatory parameters - mean plaselst coumt (Pif), mean
lactate dehydropenase concenfration (LDH) and mean haemoglobin
concenmaton (Hb) - in patients not responding to eamment (plasma
exnchange sessions o the bow). There is a clear drop in platelst coumt
immediately after suspension of the weament.

Inonhyrwopatients (cases 1 and 2) thrombocytopenia
returmed brusguely, after sigmificant increases in
platelet counts (reaching values =200x10%L) dunng
PEX meztmment, such that the counts fell agsin to
wvahies considerasbly below those established as the
cut-of for defining non- responders.

As mentioned, the underlying causes of these
decreases in platelet count differed in the too patients.
In case 1, after the first 7 days in which the platelet
count was stable, the count began to decrease rapidly
probably due to anearly relapse of the disease Dhring

this pericd the patent started reatment with rineamab
{on day 26) which produced a slow recovery of the
platelet coumt and level of heemoglobin (Figure 7). In
conirast, case 2 showed an abrupt drop in circulating
platelet count already during the last sessions of
PEX contemporsnecusly with a brusque, fast rise
in ATT due to ChV-associated hepatinis (Figure
). In reality, this patent, rather then being a ttue
non-responder, should be considered to hawve had a
complicated form of TTP in which the nommalisation
of the platelet count ccowrred not only in response to

Case 1
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Figure 7T - Trends in platelet comt (F15). lactate debydrogenase concenmation (LDH)
and haemagiobin concentration (Hb) in a patent with a relapse of TTP
not responding to reament (plasma exchanse sessions i the box) (c@se
1). There is dear drop in the platelst cownt a few days affer suspension of
treatment and a persistently low count wmtl the patient’s discharze from
hospital
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the admimistration of rineamab (oo day 17) but also
because of the subsequent inroduction of sntrviral
therapy (valaciclovir hydrochloride administered on
day 23) (Figure 8).

The possibility of classifying the patients’ cutcome
as a complete response or relapse will depend on thedr
climical wellbeing snd laboratory resulis in a follow-
up lasong art least 12 months.

Ome further comsideration should be made
concerning the patients' blood groups. In recent
smdies on the commelanon between TTP and blood
group®’ It has been seen that group O patients are
underrepresented among petents with TTP, leading
to the hypothesis that such ndividuals are partially
protected against the development of TTP. This
hypothesis is based on vanous observations made
during comparizons of O group and non-C¢ group
individuals: subjects with blood group O have lower
levels of VWF, faster clearance of VWEF, faster
protealysis of VINF by ADAMTS13 and an imverse
relationship between levels of plasma activity of
ADANMTSEL3S and VWE. Al these factors make group
O subjects better protected against the development of
TTP because they have less VWF available (the key
protein in the aetiopathogenesis of TTPF) and what is
presant is broken down more quickly. This protection
from TTP is in line with previous observations that
group O individuals have a degree of protection
from mryocardial, cerebral and penphersl vascalar
thromibosis™.

Terrel ef al *, who smdied a larger cohort of
patients (281 cases of TTP from 1995 to 2009 recruited
through the Oklshoma TTP Fegisty) relating blood
group with ciroulatng ADAWMTS13 levels, showed
that in actual fact when there was a severe deficiency
of ADAMTS 13, the frequency of bleod grouwp O was
sipmificantly higher than expected, whereas when
the reduction of ADAMTS 13 was not severe, the
frequency of group O mdividuals was lower than
that of subjects with non-0 groups (as previcushy
found). The bloed group charscteristics are, therefore,
probably only significant if ADAWMTS13 function is
ot severely compromused.

The senes of patients we stdied was very small
and did not allow us to make hypotheses on statistically
sipnificant cormelations with the ABQ system since
quantitative, qualitative and genetic assays of the
ADANTS 13 profile were not conducted. However,
we note that 75% of owr patients had a non-O
blood group and the only patient with group O was
meated for TTP mn relapse, an mdicator of greater
aggressiveness of the disease. This observation is In
line with the previous considerations.

Conclusions

TTP, which is charactenised by thrombocytopenia
and micreansiopathic haemaolyic ansemia was a faml
condition until the mtroduction, in 1970, of FEX, a
weatment which has radically changed the namural
history of this disease, reducing the morality from
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Figure § - Trends in platelet count (Pl), lactae debyydrogenase concentration (LDH)
and haemoplobin concentration (Hb) in a patient with cytomezalovins-

assodated hepatitis and TTF not

responding o reamment

se55100s in the box) (case 2). The platelst coumt fell doring meatment and
returned to optimal levels after successful antiviral therapy:
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more than #0% to about 10-2074'%. The mamstay of the
weamnent of acare TTPis daily PEX exchanging the
patient's plasma with fresh-fromen plasma or plasmsa
lacking cryoprecipitate, which should be started
within 24-48 hours of the appearance of the disease
because it has been shown that a delay in mitistion
of therapy could be one of the factors responsible
for meztment failure’. The duration of reatment
required to obtain a remission varies greatly: the
mesn number of sessions necessary is about nine,
siOCe Premamire suspension of 4 single session of
PEX can be associated with en exacerbation of the
disease’. Furthermore, it 15 empirically recommended
that exchange Teamment is contioued for ar least 2
days after the achievement of complete rermssion,
in accordance with guidelines that call for reatment
contimuation until platelet counts reach values
=150 107 L and the levels of LDH return to within
the nommal range for 2-3 consecutve days. However,
LOH, which is rapidly remonvred during PERL, does not
reflect the respomse to Teatment and sven the possible
persistence of some schistocytes In the peripheral
blood smear, in the absence of other clinical and
leboratory features, is not a confraindication to
reatment suspension’. The suidelines of the American
Society of Apheresis propose daily PEX treatment
in TTP with & grade 1A recommendation (srrong
recommendarion, high-gualiny evidence)'™.

The wvalue of plasma therapy was already
demonsirated some years ago in 4 prospective,
randomised sl comparing FEX and plasmes infiusions
in the treatment of adults with TTP*: the §-month
survival rate was T8% in the group teated with
PEX and §3% in that given plasma infirsions, with
thiz difference in favour of PEX being stanstcally
significant (p=0.036). Nowadays the standard
tezonent for TTP is PEX with fresh-frozen plasimsa
at a dose of 40 to 60 mL/Eg daily, started within 24
hours of the diagmosis of the disease and contmued
for at least 2 days after the complete remission in
which the panent achieves a normal platelet count and
LDH level m the absence of neurclogical symptoms.
Omly mn the case that PEX cannot be performed is
reatment with plasms infiisions mdicated: the dose of
the fiesh-frozen plazma infusion is at least 30 mL g
daily’. In secondary forms, patients who are refractory
to PEX and relapse are candidates for second-level
therapy with splenectomy, vinristine, azathioprine
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and also rational use of MmIMmMesuppressant drugs
{corticostercids, cyclophosphamide and cyclosponne)
but abovre all with nindmab, & monoclonsl chimeric
antibody directed against CD20 (expressed on the
surface of B Iymphocytes), which rmamdly depletes
blood, ymph nodes snd bone mammow of B cells. The
rationale for using this drag in the meament of TTP
is its capacity to destroy the CD20+ B Iymphocytes
which produce snti-ADARTSEL3 antbodies even if,
in sutoimnmme diseases, the mechanism of acoon is
oot limited to depletion of B cells, as demonsorated
by recent clinical studies in whach the levels of
autoannbodies were not sigmficantly reduced during
the meatment. In addition to the direct effect of the
dmug on B lymphocytes (depletion and consequent
reduced function of cells presenting the antien
release of inflammatory and immmomodulatory
cytokines and co-snmmlation sigmals), it has been
proposed that the bond between rifuximsab and
opsonised B cells blocks the functon of the Fc
recepior of macrophages. This block is able to reduce
the splenic sequestration of platelets in TTPY,

More recently snother drug, defibrotide, has
acquited growing mmportance. This single-siranded
polydecxyTibomucleotide derived from porcine
mucosa (by controlled depolymerisation) has potent
antithrombotic, anti-ischasmic and ann-inflanomatory
effects with drombolytic properties without systenic
anticoagulant effects. Defibrotide interacts with the
recepior for adenosine and leads to the selectve
release of prostaglandins I? and E2 with consequent
inhibition of platelet funciion and activation reduces
the activify of plasminogen activator inhibitor-1
amd potentiates the funcoon of tissue plasminogen
acmvator® ™,

Patents with idiopathic TTP generally respond
better to treatment with FEX than do patients with
secondary TTR

Keywords:: thrombotic thrombocytopenic

purpurs, ATIAMTS 13, plasmsa exchange therapy.
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Abstract

aender of the patent

leakage and signs)

Badkground: The wuse of autolagous platelet gelin arthopedics & effective in accelerating the healing process of
ostenchandal, musde, tendon and ligament lesions. The aim of our study was 1o verfy whether the variability in
response o infilkation with platelet gel was dependent on the underlying disease treated, sex and age of the
ratient. During four years, 140 patients have been traated for musculoskelstal inguries by infiltration of gel platslst
and hysate platelet o btained from autolagous thrombin, with echo-ulrasound guided. The response 1o treatment
was assessed at different time points Ta T1, T2 with respedt 1o pain estimation (VAS) joint mobility {ROM scals) and
echo-ultrasound evaluation This data callection has allowed classfying the response to treated lesions in thres
categaries: MR (no response), PR {partial resporss), CR (complete response]

Results: The data here reported showed that the ability to physical recoveny response b evident in tndon injutes,
whille the lange joints injuries gave a poar response. Almast all patients showed a significant pain relisf after the first
infiltration, but in terms of echo~ultrasound evaluation and tissue repaln, only the musde and tendan injuries
showed hyperechale arsas, signs ar evidences of repaic Concerning the correlation bepween =sponse to infiltration
with platelet gel and gender’age of the patients, the dinical msults appear not influenced by the age and the

Discussion: Cur data indicate that, pain relisf and ability to physical recoveny of imuscles, Bndons and ligaments
depend on thsue repair cleady visible by echo ultrasound evaluation. On the other hand tissue repair ssems not
ocour in the lange joints (hip and knee) where athntis and for comrasion of artioular carfilage cannot be repaired
and the oy relisf s exclusively linked 1o the reduction of periarticular inflammation (eduction of the inflammatony

Keywords: Ageing, Inflammation, Cretecartioular inguries, Ostecarthrins, Regeneratie medicine

Badkground

The idea of wsing blood prodects e not stdctly transhs-
somal purposes dates back to the early s, when for the
firel time, fbrin gle was produced and wsed 1o sccele-
rabe tisswe repair dudng surgery. In the 80s, for the Gt
time, David Knighton developed a technigue of in vitm
dimulation of phiteleis by thrombin sodwtions, which
allowed the collection of a rich growth Bolors super-
matant, that suitably purified, was applied topically under
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the form of gel. It was clear that this gel formulstion
wias able to stimulate the repair of skin uleers and trig-
gered and accelerated the processes of lsoee egene-
ration. The paramount role of pltelets & agents of
lisue regeneration, has suggested this application in a
varety of dinical settings and for aesthetic purpose [1].
Platelet arme mot only the protagonists of the hae-
mosiatic process, but plys ako a key role in the in-
Mammatory process (dee o high concentrations of pro-
inflarmma tory and imomoun e-maodubitory cytokines), in the
antimicrobial delence (since the a- granules ame rich
in “protein microbicide platelet”, chemokines -CXCL4
thymosn-fd, dedwatives of CXCLT- PEP, CTAP - [IL
MNAP- 2 and CCLS -6 and complement poeing), in cell
replication (milogenesis), in angiogeneds and, ha but
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nol least, actively modulate tisse megeneration. These
aclivities are possible becavse plitelel precursors, me-
mlarvorytes, actively produce growth factos (VEGE
PDMGZE, FGE, BGF, HGFE, VGF) respongdble for endothelial
and fibmblasts cells permesbility, recnsitment and pro-
lifeera tioen [2-6] .

Thuzs the wse of :ulnll:-m:-u:- p]:bdet gd i 1:-rIJ':|:-pued.i|.':-
could be an effective therapy in accelemting the healing
process not only e bone and osteochondral ledons, bt
alsn for muscle, tendons and joints disexses. Cumently,
the literstwee data are conflicting regarding the efficacy
of this treatment. Several sudies show that in recon-
A tive orthopaedic surgery, the application of platelet
@] combined with the bone matix apposition, con-
firmed the ability of plitelet growth fctors o determine
b regeneration, and provide the regenemtive simulus
b awtodogows bome wied a8 a liller and sounce of oseo-
blass [7-9].

I addition, the application of pltelet gel in the treat-
ment of traumatic tendon ledons showed dgnificant
Teedback not only for the tissue regenerative activity, but
also for anti-inflammatory and amalgesde effect [10011].
Mormover several data showed platelet gel wed as a
therapeutic choice in the treatment of epicondylitis, of
plintar fxciitis and Achilles tendon injuries with healing
delayed. This treatment has been alio uwsed in inflamma-
tory hip disease, in chondropathies of the knee, in anlde,
in halhex rigidus and in acute and chronic muscle injury
treatment [12-15].

However despite the Gvourable resulis oblained in
several caee series, resulis from randomized dinical tdals
are controversial [16-19].

5o, the aim of our study was o verly whether the
variability in response to infliration with platelet gel was
dependent on the undedying disesse treated and sex and
age of the patients. Themibre, we selected a growp of pa-
tients (divided by sex, age and ostecarticular lesions)

Page 2af 1

that have not been tmeated surgically or with other
infiltrating application on the dte of injury and we pro-
posed to all the same gandard-protocol for the pro-
duction of platelet gel. We excleded patients with
systemic diseases involving ostecarticular system  (ie
autoimmuene diseates).

Results
From a fimt glance of the smple populstion, the path-
olegies mostly treated with platelst gel are injubes of
the supraspinatus tendon, the gonarthritis and injuries
of the Achilles tendon (Figure 10 There are differences
in diseases distibution especially conceming gender
the female populstion seems more alfected by lesions of
the large joints (cooarthritis and gonarthritis) and the
supraspinaies lendon while other clinical conditims
seems b allect more the male population (Figure 2).

The sirstification for age (mean of age 5§ vears old)
showed that arthritic conditions (gonathrilis, osteo-
arthritis, shoulder athritis) and bige joints condition
(supraspinatus tendon injury) afed a population livde
older (mean age 60 veam), while the ligament and ten-
don injuries are more freguent in younger sulbjects
[mean age & years) When divided by gender and onset
of the injury, the kmale populstion is often treated for
disrders of the knee mostly in middle age with respect
o male (68 years females, 58 males), while the tendon
and muscle injuries affect male population fregquently at
younger age (46 years old males, 51 females) (Figure 3

Reganding the clinical results, all trested cases in owr
study, excepl those with ostecarthritis, (Figure 4) have
shown a d@gnificant reduction in pain after the firgd infil-
tration. Thes obserations appear not inflleenced by the
age and the gender of the patient.

Evidence was achieved only in the study sample with
al least 10 treated patients (Table 1), so it haml been
achieved a good standardized amessment on the inabiity

1% %

N g% T

Figure 1 Percentage of freated lesions in the cample.

1%, Percentage of treated lesions

B Suprmpneius senden injuey
W Genaitiish

W Aciilex Tandon jury

W Mk inpary

W Fderimcopatty

B Cromarthronh

B Plyrca tasia Infury

B Patwlar lendon njury

W Esteraopats patelar wndon
N Srnul der ariroi

B Egicondylth
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Mumber of treated lesions vs. gender
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Figure 2 Disirk
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o pedorm physical sk on the other few patients
treated.

However the data showed complete ability response
and Tully mestoration of joint abiity (scom 3) in a lage
part of patients treated for tendon injures. The treat-
ment of linge joints to cure arthritis, instead, gave a poor
regponse in lemns of recovery abilities and even almost
18 of the observed gonarthritis did not show any
sgnificant result compared to the eady states (scom 1)
(Figure 5).

It seems that the success of the trestment (soore 2 and
swore 3) i age independent; only in one case in which
the treatment did nol guin any et (som 1) the older
age might have been asociated 1o the mailtl (Figure &)

In addition, the study of the response in relation to the
degree  of injury (tendinopaty, tendinopaty, chonic
partial rupteme, sub-total roptere, todal ropture) shows
that the trestment is independent on the initial lesion
(Figure 7).

O the bagis of the dinical evaluation after the firg
infiltration, the patients were given the indication to -
ther infiliration acoonding to time schedule and Lo the
pathology (Figure 8).

On average, 102 patients (73% of the population
sample) wern infilirated with the second aliguot afler a
imviith ad & half (48 days) and the thind infiltration was
perfomed o 61 patients (#4% of the population ample)
around five months after the second (158 days). The fre-
gquency with which are carded out infiliration is srictly
related to the type of lesion: the injuries of tendons and
muscles are inflirated at eadier time schedule than
thase involving large joints (Figure 9).

The most representative example of tisae mepair and
recovery ability restoration, i reprsented by the injury
of the Achilles tendon in which after two months of
tremtment (T2) a complete tisane repair ooourred .

Another model of tisse repair is the supraspinatus
tendon and muscle injudes: at T1 is already possible 1o

MNumber of treated lesions vs. gender and age

ey
HEEREEREEEEZ A

Figure 3 Osteoartioular kesions, mean age and gender.
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Score assessment of pain before and after treatment
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midem the repair of areas with increase of hyperechoic
dgnals

The lower clinical response is mpresented by the
treatment of ostecarthritis of the large joints (cooar-
thritis and gomarthritis) where comparing echo ulim-
sound ot TO and TZ. The only sign is relemed o the

reduction of the inflbmmatory area and inflammatory
leakage but without any sign of carilage repair.

The infiltration of the cadilage lesion of the knes,
such as the lesion of the patellar tendon, insead,
showed by diagnostic imaging cear evidence of tissue

repair.

Table 1 Study sample with details of the treated diseases and degree of injury

Treated besions Patent no. Mo acoording to gender imean age) Degwee of injury
Made Female

Supims pinatus Endon injury = Fal ) IB BT endinonaty II%
Chranic tend nopasy 4%
partal nup e %
G-t nupae &%
ol rumue 5%

e artharirtis T Ll ] I8 LE)

Achilbes tendon injury ) 17 3 45) endinamty £l
rranic tend iInopasy 106
Fartial nuptume: 406
G-t nupae
ot rugene 0%

Musche inijury 12 Tl 0 ) Distracion musde 47%
Muscde e %
oo musde 5066

e i ooty 5 2048 3is1)

Coxarthrite 3 14 2ET)

Plantar fxoeia infury 3 1044

Patelly tendon injury 3 150

Estensopatis patellar tendon 2 14

Shoubder arthritis 1 &8

Epcondyiis 1 [+31]

Hallux flesnr fndon injury 1 [+31]

Other “ a0 El]
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Score assessment of function
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Figure 5 Funconal response (perentage] sooondlg to functionality soones Soom 1 istable condition than at the beginning of
treatment), Soore 2 fincrease jeint mnge of motion but not full “esthutio ad inegum), Sore 3 Complete funciional neoovery).

Diis cussion
The tratment of joint and muscle-tendon injuries by
plitelet gel is one of the most innovative technigues and
generally appreciated by either patients mporing an
overall moovery benefils either by clinicians who are
a udying the effects of tissne repair.

As defined by our protocol the dinical and instre-
mental evaluation of regponse o trestment showed a
different distribution of the smple over time (Figure 9

— NE (Mo responsel 32% of gonarthritis and 75% of
coxarthritis treated showed no pain reduction and
joint inability and absence of echo-ultrasonographic
evidence of lisue repair.

— PR (Partial Response) This group indudes the 68%
of gonarthritis and 25% of coarthritis trested. [n
this categury are inchuded most of the tendon
lesione trested: like 50% of patellr tendon injury,
693 of supraspinatus tendon injury, 60 of the
e ws, 50% of injuries to the Achilles tendon and
Mﬂrmu:.ded:rrn#'_

— CR (Complete Response) This type of rsponse i
characteristic of the trestment of tendon injuries
[ Z7% of the ksions of the supraspinatus tendon, 33%
of injuries to the patellar tendon, 50% of the lesions
of the Achilles tendon), the meniscus (AF%) and
muscle injury (4%) Mo coxarthritis and
gonarthritis gawed complete regpaonses.

Regarding to comelation betwesn response w0 infilira-
tion with platelet gel and genderfage of the patients, the
data showed age dependent stratification for treated
lesions (arthritic conditions and large joinis condition
regand a population little older while the ligament and
tendon injuriess are more Fequent in younger abjects),
bt the dinical resulits appear not inlwenced by the age
and the gender of the patient: in particular the secosss
of the treatment is age/gender independent and only in
ome case in which the trestment did not gain any effec,
the older age might have been asociated to the msult

Ouer data highlight that moovery ability and pain eliel
on muscles, tendons and ligaments depend on tisoe

Score assessment of funtienality vs. age

in - L -

[Figure § Functonality {scone] related to age of the sample
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mepair detectable with echo ulhmsonographic evidence
However this seems to nol affect the lage joints {hip
and lnee) where the arthritis and/or corrodon of artice-
bar cartilage phenomena are not infleenced by the infi-
tration prsceds. Monetheless, on lage joints, the pain
reliel effect i excusvely linked to the reduction of

periarticular inflhmmation (redecdion of inflammatory
leakage and inflammatony datus).

The miionale of this observation lays on some aspecis
of the pathology of the large joints and combined with
the efect of plielet gel in Bl the catibge & a
non-vascubirized and nol innerated tisme, beling a

Average interval among infiltration

—— i EEaer —— U r PR —— I B

Figure 8 Aserage interal |days) among the first, second and third infilrason.

Mo morn
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i
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Figure 9 Response to treatment in ast i
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draining lymphatic sydem and with Emited regenerative
ahility [205.

The arthritis process i a condition characterized by an
unbalanced amabolic and catabolic processes at the ar-
ticubar sdace of the synovial joint that resull in pro-
gressive damage of the cartilage that brings to physical
disability [21].

COme of the most imporiant inflammatory mediators
involved in the arthritic process is represnted by [L-1f,
capable of inducing the production of proteases and able
Loy imhibsit the brmation of extracelular matriz A recent
sudy [22] on in viteo cell cultures of human chondro-
cyles, hos highlighted the mole of [L- 1§ which plays a key
mle in the pathogenssis of odecarthritis since deter-
mines signiicant changes in ofokine and chemokines
genes exprssion imolved in inlammation and matrix
degradation. [L-1f, that exerts its efect throwgh a broasd
spectrum  of signals cascsde, is activated by NF-KB
(nuclear Bolor kappa B) and it in tum enhances ils
translocation into the nucless [23].

MNomally NFKB is, in Bet, located in the cybosol
bound to an inhibitory protein and once activated it
translocates o the nudews where it plays in the regu-
bation of more than 150 mregulatory genes imolved in
apoptosis, inflammation, and in immune rsponse [24].

The degranubition of the pltelet gel acts on [L- 1p
modly by the inhibition of translocation NE-KB into the
el ews of chondmcytes. Many drgs act as inhibitors of
NF-kB incuding & glucocortionids, s plielet gel could
e wsed o balance the anabolic! catabolic effect present
in bone and joint disesse [25].

Another imporiant aspec, concerns the effea of plate-
let gel on the production of nitric osdde (NOL

In ostecarthritic disease [L-1p, = well & activates
MNF-kB, determines increased production of MO, The

exgess of NO sither inhibits the synthesis of collagen
and glycosaminoglycans, either induces apoptosis of
chondmcytes and the production of metalloprdexes
[26]. The contml of this mechanism is connected to
TGF-f (platelet gel contained) which promaotes the de-
position of collagen and fbroblst proliferation and Lo
the inhibitor role of NF-KB whicl, in tum, medoces the
described effects of IL-1f.

The platelet gel therefore inhibits the [L-1f eflects in
oatesarthritic chondmeyes, so delermining a subsan-
tially anti-inflammatory and analgede effect. Thus, the
application of plitelet gel on ostecarthritis lesions can
improve the gquality of the synovial Duid through the in-
duction of endogenows scretion of hyalurmnic acid by
the synovial cells [27].

However different consderations must be applied to
the ligament and tendon injunies in which the plaele
gl has the ability o deeply promote tssme e generation.

The natural history of a pull or a bruise muscle, deter-
mines the fomation o an hematoma (2 3 consequence
of vascular destroction) that containg about 949% of red
bl cells, less than 1% of leukocytes and a small pant
of platelets (approodmately 48) therefom representing
insdeg uate enviromment Lo provide a stimoles for Gsoee
regeneration. The rational uwse of platelet gel consists in
the posdbility of bringing to the lsion a bige con-
centration of plitelets and released growth factors that
directly or indirectly promote tissve repair by indocing
myogeneds and supporting muescle contraction [28,29].

The tendon cells (tenocytes and temoblast) have a
central role in repairing and maintaining edmoscellular
malrix integrity by new protein and degrading encyme
synthess. These processes underlie the tumover, remao-
deling and the gradual transfomation of edrscellular
matric that wswally ocewr before the tendon ruptuee
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The activity o tendon cells are infuenced by cytokines
and Betors releassed by phitelet gel {especially
VEGF and HGF) that act in a paracrine manner [29].

The inilial phase of prces repair starts with the
vascubr formation that seems playing a key role in the
“restitutio ad integrum” of the lesion followed by teno-
cytes and fybroblast proliferation [30]. The GFs oon-
tained in the platelet gel (TGF- B, PDGE VEGE EGE
HGF) interacting with specific receptors located on the
membranes of gt cells scivate intracellular signal
tramsduction pathways and induce the synthesis of pro-
teime imvelved in angiogenesis and in the frmation of
extracellular matrix.

Furthermore, the platelet gel containg sdhesion maole-
cules (such as fbrin, fbronecting, vitronecting thmmbsos-
pondin, ostescalein and osfeonectin) thal permils cell
activation and movement of the precumor cells at the
wte of lesion [28].

All this process can repair connective and! or bone
tisswe by increasing fbroblasts activates macrophages
and stimulabes new  vessel brmation which  restore
blood Bow allowing nutrients and oxygen perfudon in
order suocesiully repair the tissee [4-6].

Given thess propedies, platelet gel is crscial in the
tendons, mutcles and ligaments repair, acting on the -
generative stimulus.

Accondingly, in literature [31] it hat been demon-
srated that the use of plitelet gel in the trestment of
“tennis elbow” gives therapeutic advantages in terms of
pain reliel and ability recovery. A comparative ase-
control sudy on patients infiltrated with platelet gel and
patients infilimted with cortisons showed that treatment
with cortisone quickly gives efect but quickly enough it
disappears On the contrary the benefit of platelst gel
treatment dowly incresses and tend to be mainbained
over Lime [32].

The same malt is confirmed by the msponse to treat-
ment of s pragpinatus tendon ledons where patients in-
filtrated with platelet gel acquire better physical ability
mecovery in terms of motility and pain reduction and this
i maintained over time even after d@x months from the
treatment compared to control group [22.33].

Besides that, many aspecis of the prodoction and
application of platelet gel are fully understood by the
scientific community. The definition of the optimal dose,
the amownt and the time interval of infilration emains
winder debate, bocaise il doss mol exid a ::'ng]e wtarda
protecol of teatment. The prepacation and administra-
tion of platelet gel is established by cinical needs, type
of pathology and the experience of the operator.

Conclusions
Regenerative medicine can be contidered one of the final
frontier for the treatment of many disesses, and it
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represents 3 new philsophy to approsch tissue' organ
damage using the principle of biclegical regenertion
[5]. Platelet gel is a new apprsach to tissue regenen tion
and it is becoming a valuable adjunct to promote healing
in many procedures, empecially in ageing patien ts [34]. In
particular, in our opinion, platelet gel can be considersd
as an additional and integrative therapy to support con-
ventional trestments for bone, joint and tendon injuries
of different etickegy because pltelet gel therapy often
cesulled in pain relieve and dagnificant physcal abiity.
Regardless of whether or not the gel platelet can deter-
mine a complete lissve repair, it & doublles that the
therpy promotes analgesc effect with at least a reduced
intake of anti-inflammatory drsgs.

Ins woer series of eldedy patients, it seemingly doss not
work well because they are mainly affected by long las-
ting ostecarthritis with irrevesible damage 1o cadilage.

From our observation is diffcolt to dissect if the con-
tribution of the platelet gel depends on the number of
infiltrations or other variables related to treatment, but
it seems more likely that the response can be highly vari-
able and extremely subjective.

It is clar that the generl dinial condilion of the
patient {olesity, metabolic syndoome, advanced age,
neunsdegenerative disorders, strenuous physical sctivity,
comcomitant orthopedic disorders) might aggravate the
oatecarticular pathology and expose the patient to a
st messponse or sk relpees

Secondly, it is recognized by the scientific community

[25] the individeal vadability and the capacity to pro-
duce GFs and meleasing them into the injury ste, which
obviowsly cavses a different biological inter-individual
e,
Finally, the lacking of universally standandized amnd de-
tailed protocols for the vadouws bone and joint dissases
(for both agpects of the prodection, and for those rela-
ting 1o the application of the gel) can be responsible for
the extreme variability in the ther peutic mgpons.

In view of the beneficial effects that gel platelet deter-
mines 1o bendon and joint lesions, we believe that the
creation of a multicenter randomized dudy can incresse
and expand the dinical moords of trested individual in
order to refine and standandized cerain specis of this
research,

Furthermors, it would be desirable to define a project
that allows o cormelabe the compliance of the patient,
the platelel concentration in the plitelet gel and s
amanent of growth Botors contained in it W identify any
adjustable variables.

In addition, we have to take into account the pos-
sibility of a plhoeho efect since the expectation of a
thermpeutic result can activate specific brain regions and
thes ame expeclations can somelimes be the aciual
camse of clinical improvement However, a complete
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maemment of a placebo eflect for this knds of treatment
it is very complicate, because like scupuncure dudies,
should indude the study of 3 ams (trestment, sham
treatment, open phicebo) with the imaging of cerebrml
area involved [3536].

Subjects, materials and methods

Sample studied

In four years of aclivities [October 2009-Fird week of
Auvgusy 2003) the Unit of Tasheional Medicine bas car-
ded out the trestment with platelst gel of 140 patients
(86 emales and 74 males) who shared the estecarticular
pait The treated diseases ame mepored in Table 1. The
age mnged Fom 26 to 86 years old, with an average of
58 vears which was slightly different betwesn genders
{mean age for fenales: 62 years old, mean age for males
53 years old). It was nol st up 3 control group o test
treatment versns placelso.

Patients wen: enmlled wing interviewed protocol and
scheduled for infiliration uhmsund-echo guided be-
fore and after gel platelet infiltration. University hospital
Eihics Commitiee approved the study protocel, and each
participant sgned an appoved infsrmed consent fem.

Al enmlment, the patienis wers interviewed to obiain
clinical and pharmacolegical information; blood sampling
was performed to scquire the suitability for pre- depost o
whole blood (Hbx12 gidl platelet count > 200u08KN L}
anll by asmess the healihy state (clinical chemistry tests and
viroksgical screening to he patotropic virues and HIV).

The criteria for exclusion from the gudy protocol
W

— Platelet count less than 200,000 phs/L

— Hemoglobin count less than 11godl

— Candize disease and clinical evaluation unbvomalle
oy the autalogous Hood dona tion.

— Wamcular acoess not suitable to pre-deposit
autdogous Hood donation

— lrability o suspend antipltelt and/or anticoagulant
the rapy.

— Previous infiltration o aingieal treatment in the
places of the injury.

Materials
Informed consent was oblained foom the suitable pa-
ﬂrﬂ,awﬂ]amnﬂd’pﬁﬁi&pﬁiﬂd :-uta]og:m:
whole blood that was collected in guadruple Fresenius
Kabi bag.

The production of phtelet gel from blood components
was pedformed at the labomiory of Transfuson Medicine
of University Hospital “Pacle Gisccone™. Whole blood
was ceitfifsgited and sepamated in order to oblain
{through decomposer autamatic Compomat Gd Fresenius
HemoCare [aly) concentrated platelet and platelst- fres
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plhama (PPPL From the PPP sample, after rapid fresring
(- rC) kllowed by a show towing (12 hours) ¢rwo-
precipitate was collected. Thrombin has been pre pared
adding 20 ml of caleium to the supematant (PPP suite of
cryoprecipitate) under a bminar Gow hood. The “home
made” phitelet gel was dispensed into three aliquots con-
taining 8-10 ml plitelet concentrate and eryoprecipitate
and three aliquots, of equal vohame, containing autdogous
thrombin. The compounds wers validated, stored at -200C
and veed within one year from date of manufactue.

Clinical protecol
The study protocol is divided into Bve diflerent deps
1) first visil 1o asess the suitability of the patient to the
procedure, 1) wcond vidt in order to oblain the pre-
deposit of autologows blood donation 3) production of
platelet gel 4 echo ultrssound-guided infiltration at the
site of injury 5) olinical -instrumental svahsation of infil-
tration at different defned time

The ultrasound-echo guided infiltmation of plielet gel
was periprmed by the medical team al gpecialized ortho-
pedic srociuee (Medical Center Mantia-CMM) colla-
borating with the University Hospital.

Al the time of infiliration, the plitslet gd was acti-
vated into a common 20 ml gerle sydinge mixng the
lysmate and platelet thrombin at the ratio of 21 Onee
ready the platelet gel was injected by ultrasound-echo
guided infliration (Emale My lab) keeping a pempen-
dicular direction to site of the ksion The amount of
platelet lyate infilirated was approocdmately 8-10 ml in
\ﬂ]mﬂﬁdﬂ!&ﬂﬂi{d’hﬂbﬁﬁﬂﬂﬁpﬂhﬁﬂ:ﬁiﬁdm
immaobility for at least 48 hours

The assemment on the evolution of the leion was ex-
amined in three time poinis:

— Tk before treatment

— T1: after 8 days from infliration for lesion due 1o
muscle damage, after 15 days for igament and
tendon injuries-alter 3 das o teatment of the
large joints.

— T2 more than 6 days after infiltation

During these phases test for pain estimation {VAS),
test B joint Mexibility (ROM scale) wene administered
and echo-ultrasownd evahsation at the site of infi e tion
wis perirmed.

With mgard to the mssment of pain, each patient
was asked to conduct a :ﬂi’-mtmﬁﬁﬂﬂ‘h’ﬂfp
(Visual Amalog Scale) test.

The VAS tesi is a conlinvous scale comprised of
a horimontal (HVAS) or vertical (VVAS) line, usually
Licentimeters (100 mim) in length, anchomrd by verbal
descriplons br each symplom intensity: the scale is an-
chored by "no pain” (score of ) and “pain a8 bad a it
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coutld be™ or “wort imaginable pain” (soore of 10-100-mim
acale- L.

The pain response was considersd significant when
the reduction was at least 30% of the score of the VAS
scale 3 T1 (at a distance of 8 davs from the first iniltes-
tion for muscle damage, at a distance of 15 days for
those ligament and terndon and at a distance of 30 days
for large joints).

To estimate the degree of joint fexbiity, the medical
team wsed the ROM (Range Of Motion) scale which
allows evaluation of the degrees of fresdom allowed by a
specific articubition The ROM & woslly measuied by
the number of degrees achieved by a body segment from
the starting podtion bo the Bmal position, aleng its full
range of maotion and is cakoulated wsing a protactor.

Based on ROM amessment is poasible to identify three
levels: 1JARCIM: active mange of movement, 2) AAROM:
active aisisted rnge of motion; 3) PROM: patsive range
of mstion.

With respect to the funcliomal/joint limitation and the
resolution at the injured site after platelet gel applica-
Linnn, we Chose bo wse a three points score

— Score - no changed condition from the begi nning
of treatment.
— Score T incresse joint abiity o peform task but
ool fully “rest itutio ad integrom”.
— Score I Complete fund ional recovery.

The meaction over time was determined in three types
o P s

» Mo response (NEE permanence of pain and
functional limitation and no echo-ulimsonographic
evidence of tiswe repair.

» Partial regronse (PR): reduction of pain and/or
Tunctional limitation and noe or litle evidence of
wltrasound tiswe e pair.

» Complete reguonse (CRE important reduction of
pain and complete rstoration of funetion with ¢lear
ultrasound evidence of tisue repair.

Based om the msponse (o treatment, the medical team
evahmted additional indication for further infilteation
and edtablished the subseguent time intervals to follow.

Dista ana hysis.
The data collected were represented as mean value. The

maults of the dinical mesponses were mpresnted as
absolute and relative fregquencies (%)
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Possible role of ABO system in age-related
diseases and longevity: a narrative review

Claudia Bizza"™, Calogera Carusa™ and Samya Vasta™

Abstract

ABC blood group antigens are expressed either an the suface of red blood cdls either an a variety of other cdls
Based an the avallable knowledge of the genes imabved in their biosynthesis and thedr tissue distibution, their
polymonphism has been suggested o provide Infraspecies dhvesity allowing to cope with diverse and @pidly
evolving pathogens. Accodingly, the different pewalence of ABD group genotypes among the populations has
been demarstrated to be driven by malaria selection. In the similar manner, a particular ABD blood group may
cantribute to Bvour life-aension via biokgical mechanisms impaortant for sundving ar eluding serious disease In this
raview, we will suggest the possible asociation of ABD group with age-elated dEsases and langevity taking into
acoount the biological rale of the ABD ghyoosyltmnsferases on some inflammatany mediaors as adhesion maolecules

Keywords: ABD, Cancer, Cardiovascubr dissases, Inflammation, Longewty

Imtroduction

Them are sccumulating evidences that the ABD blood
antigens might play a key role in various human diseases
[1]. Higtarically, the ABO phenotype was one of the Gt
marker involved in cancer susceptibility [23], whereas
the first associstion between Human Leukocyle Antigens
(HLA) and disexse was described more recenthy: the aso-
ciation involed a crss- mactive group of HLA-B antigens
and Hodglin®s diseate [4]. However, the identifcation o
lirge numbers HLA-sssociated diseases counterpart our
increa sed underdanding of the genetic complexity of the
HLA system and its edensve polymorphism [5], whenas
data for ABO antigens are yet not so dear. The ABO ma-
ecules mpresent a complex membrane antigens widely
expressed both on the suface of red blood cells (RBC)
and many other cells extending the importance and the
climical significance of the ABD astem beyond the trans-
i on meedi cine [6,7].

The ABD system
The ABQ antigen sysem occurs as a result of complex
carbohydrate polymorphisn mosaic of glycoproteins and
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ghcolipids expresed on the sidsce of cells, or present
im secretions, a ghycan units [6,7].

The A and B antigens are inhedted a5 Mendelian char-
acleristics in a co-dominant autosomal fashion. Thes
anligens are the encymatic products of enmymes called
gheosyliransferases that in turn synthesize the oligosac-
charide epitopes. Thus, the A and B antigens are made by
A and B gloosyltransleras, respectively (A -synthedzing 3-
a-M-acetylgalactos minylim nderse and the B-synithes zing
F-a- N-gabctommimdiranslenase) while the O allele does
mol encode for a funcional transemee. In this lag case,
the acceptor subsrate, (H antigen: Foc alphal- > 2 Gal-)
remains without a further modification and the A and B
determinants are absent on surfaces of cells [6-8].

The A and B glycosyliranderases are type 11 me mbrane
probeins kcated in the Golgi compartment, although sol-
uble forms are found in plsma and other body Muids. The
enzyme condds of a shod tramsmembrane domain, a
slem region and a catalytic domain that extends into the
Golgi lumen. So the A and B anligen amithesis oocurs
during normal gheosylation of proteins and lipids in the
Golgi compart ment. The precumsor H susbstance is synthe-
simed by one of two condtmnderass depending on the
acceptor substrate wsed. The FUTI gene that encodes the
2t~ five oyl bran erase (2FucT1) is mainly responsible for
the synthesis of the H antigen on carbohydrate precur-
sors found on RBC The closely mlited FUT2 gene
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encodes a very similar 2-a-fucosyliransierse @2FuwT2)
that is expressed in epithelial cells [7.8].

As regards the oganization of the ABD locus, the
gene comsitts of seven coding exons and it is extendead
wit 18 B of genoimic DNA. The se of the e are
incheded i a range of 28-688 bp, while the two major
exons, & and 7, have a dze of 1062 bp and contain maost
of the coding sequence. The single nucleotide deletion,
found in a brge number, but not all of O alledes and re-
spongble for the los of the activity of the encyme, is bo-
cated in exon 6. The fist of the seventh mudectide
substitutions, which distinguish the A, and B translen s,
resides in coding exon & Exon 7 containg six mucleotide
substitutions, relting in fower amine acd substbstions,
that differentiste the A and B transferaies [7.8]).

ABO aibgroups ane distingithed by d ecrested amon s
of antigens on RBC, s0 A2 subgrosp RBC hos less anti-
gens than Al subgroup {and so on for the other A and B
subgroups). [t is important te point out that the amount
of antigens depends on gheosyliransferase activity [9].

The ABH sugars are found on lipids {approodmately
108} and proteins (approodmately 90%) on the RBC sur-
face as well a8 on many different tisves and cell types,
incheding epithelial cells that line the lumen of the
gstrointestinal, nspirtory, and reproductive tracls as
well & in salivary glinds and skin This wide distribution
is @ common leature for many of the cadsohy drte blood
groups, which has resulted in the term histo-blood
group often being wsed to reflect this wide distribution
Accordingly, it has been suggested that these antigens,
a the other glycoc onjugstes, are imp oant mediators of
intercellular adbesion and membrane signalling [7.8,10].

Ageing and longevity
The ageing and longevity proceses ame determined by
aiffere il geie tic, epigenetic, stochastic and emd nommen Ll
factors. Among obes, evidences from epdemiological
studies on family of twins and long-lived individuals asg-
gt a strong mle for genetics. However if genetics covers
the 25% of the overall variation in human life guan,
another 25% is dependent on socio-economic factors
in childhood, while adulthood and old age, incheding the
s ip-economic slatus and medical care, evenls may rep-
mesent the remaining 50%. In the Westemn wodd, the de-
velopment of the social-economics conditions, a8 medical
care and quality of life, are mspomsible of a general im-
provement of the health populstion fatus with a conge-
quent reduction of the overall modvidity and maortality,
mesulting inan overall incrmee of il expect ancy [11,12].
Ageing can be defined as a decdine in pedormance and
fitmess with advancing age, creating difficulty in adapting
1o mew emdimnmental situations. The post-matuea tiomal
ageing process, in ot is damcerized by a diminished
homeostasis and vulnerabiity of the body, responsille

Page 2 of T

for a medoced mspose Lo environmental simoli and
stresses that lead 1o incrased susceptibility and vulneralidl-
ity to disease. Therefore, the mortality froom all cawses ex-
ponentially increstes with age. In Western countries, the
mmiitality rake increxies in people over the age of 85, when
compared with individuals between 25 and #4 yeas, be-
case of heart disease (92 limes), cancer (43 times), stroke
{more than 100 times), chronic lung disease (greater than
1K) times) and | ia and indh (89 limes) point-
ing out the role of the control of maintenance! e pair
sysens a8 thae involed in aidative stress and immune-
inlammatory megponses, in the allainment of acoessul
ageing [13-16].

Ageing is unnatural and damage is a et of life. Ageing
is mot a programimed moute bul & 3 dodadic proces
remlling from scomulation of sematic damage i mpling
a systemic loss of molecular Bdelity. In ageing, ithe limited
investments in maintenance and repaic that are evol tion-
arily selected to amure reprodection and paremtal cane
brought to a minimal control of inflammation and oxidative
strem. So, the ageing process is mostly gochastic, wheress
the genwme plavs a mle in determining longevity, which is
regulsted by the level of finctional rserve reached at the
time: of reproductive age through matura] sslection. In other
woords, the efect of the duration of life is inciden tl be cause
the main effect of e genome & bo govern the events that
osceur wnilil re produe tive matrity [16-18].

ingly, demographic evidences suggest that lon-
gevity may be attained by different combinations of
genes and emimnment with quantitative and qualitative
differences in the different geographical aress where the
population-specific genetic factors phiy a role in the lon-
gevity phenotype [19.20].

In this context, the gudy of centenarian offspring. a
growp o healthy elderly people with a famiiar history of
langevity, has helped gerontologias to better identify the
cormlation between genetic profle and hope of a healthy
ageing Previous studies hove reported that centenarin
offpring, like their centenarian parents, have gemetic and
immune sysem :d\wrlap, which reflect a minor risk to
develop major age-related disases, such & cardiovascular
diseates (CVIN, hypertension or diabetes mellitus as well
s cancer [21,27].

Therefom, as previoudy stated, it is posdlle to asame
that longevity may be inflluenced by polmorphism of
genes that control the immune-inflammatery responses
as well as genes that modubste candicvascular dibesie and
cancer [20123-25].

Diflerenit studies perfommed on mice have suggest ed that
the Major Histooompatibiity Comples (MHC), known to
conitrol a vadety of immune fundims i asociated with
the lile span of the strains. Hence, several studies have
been peformed in humans by analysing loci that regulate
the immune response, & human MHC (HLA) and killer
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cell immunoglobulin-like receptor (KIR) genes regulai-
ing the evtolytic activity of natuml killer cells On the
whole, the regulis sug#d. et H.LAu'KLRn'h#\'i{? Ak
sociations are populstion specific, being heavily affected
by the population-geecific genetic and environmental his-
tory [26-29].

In addition, as previously sated, alleles msociated to
CVD and cancer susceplibiity have been shown to be
not inchsded in the genetic background fvouring lon-
gevity, at least in some popubation, depending on the en-
vimmmental gimuli [20.23].

ABD and age relabed disesses
Owver the time, several dudies have tried a possible asso-
ciation between ABD groups and diseases although with
conlraiting resulls [1.93031]. Many of the perforined
sudies present serious challenges because of a number
of conbuinding Bebors [32]: i) the incomeet sample e
leading to selection biss and fake positive sssociations
(ie the bck of statistical powerl; i) different inclhsion
criteria, unsuitable mixing of data johort effects) referosd
to people of different age, incorrect contml matching,
ie ek of selection from the mme target population
(stratification]; iii) inkage dissquilibrium, ie the ao-
ciated ABD g'um?phymdh'edmh.ardﬂieadtn]
diseaie-predisposing pol ymorphism may be inlinkage dis-
equilibrivm with the initially reported ABD association,
which merely acts a8 a marder. Therefore, we will here re-
port onlly the associations that have been confirmed relat-
ing Lo age-reb ed diseases, cancer and CVD.
Cancer is generally recognized 2t an age-related disewe
[2333]. In Fact, incidence and morality mtes of most ho-
man cancers conssently inereate with age up to 9 years,
although they thersafier plateay and decline. The largest
number of cancer cases oocur in over 65 years in both
sexes: the incidence of cancer is 12-36 times higher in
subjects over 65 vears compansd to individuals aged be-
tween 25—4 years and 2-3 times more common than
people aged between 45-68 vears The multistage modsl
of carcinogeness provides insigh t into the rebionship be-
tween ageing and carcinogenssis, since ageing could be
considered not so much as a determinant of cancer but
a the condition, which results in a lnger duration
of exposure bo crdnogens [23]. H ¢ & low-grade
systemic infllammation chamcledzes ageing and this
pro-inflammatery status may undedie bioksgical mechs-
nigms respongble for age-relsted infammatory diseaws
[14.24]. Clinical and epidemiological stedies, in fael,
show a strong association between chronic infections,
inMammation and cancer and indicate that, even in -
mours not directly linked to pathogens, the microenviron-
ment is chamderized by the presence of a anouldering
inMammation, fweled both by stromal leukootes and
seneacent cells chamsctedstic of ageing [23,24.34]. Therekre,
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the higher incidence of cancer in ageing could be due to
pro-inflammatory state of ageing [23]. In any case, cancer
arnd ageing are both fuelled by the sccwmbation of celular
damage, s they can s multaneoudy procesd [33].

Beveral dudies have looked for the asmociation between
ABO blood group and cancer, however there are only evi-
densces for pancrestic and gad e cancer [9.3031].

The msociation with pancreatic cancer can be traced
back to the 1960 study of Aird [35] who in 620 patients
with pancreatic cancer lbund evidence of some srength
that cancer of the pancras is commimner in persons of
group A than in persons of groups O or B. Falowing this
pioneering shady, in the following years many studies have
besen periprmed. As reviewed by Livmbrumo and Franchini
[93031], colirt, cxse—control and meta-analyds dudies
dleady demonsteate the role o ABO blood group in pan-
creatic cancer. In particular, it is beoome clear the protect-
e ellbet of O goup and the asociation with Al allee
The evidence that Al allele, regponsible for an increased
gheosytransfersse sctivity, confers grester pancreslic can-
cer risk than A2 allele, focus on the biolagical role of gly-
cans, &% pokential mechanisn o ephin the asociation,
since gheooonjugates, ssch as ABO antigen, are important
medistors of intercellular sdhesion and membrane signal-
ling, which are bath eritical to the progrsson and spread
of maligrant celks [1036].

Concerning gasiric cancer, alo in this case, as stated
im the Introduction, the pionsering sudy was perfommed
by Aind [2], which in 1963 oin 3,632 patients, highlighted
a A% increase of carcinoma of the stomach in group A
a compared to group 0. As discussed by Linmbruno e
Franchini [930,31], most of the studies have confimed
that the rsk of gastric cancer in blood group A is signilfi-
cantly higher than in non-A groups Concerning the
mechanigms, it has o point out that ABO blooed growp
is a risk factor for progression towards gastric cancer in
patients with Helicobacter pylori (Hp) infection, snce in
the gasric epithelivm the ABD blood groups antigens
are one of the major funclional eceptor for Hp [3637].
The association seems to be highly dependent on Hp cyto-
toxin associated gene (CagA) status, which is nsponsible
for the secretion of the CagA virclence proiein that,
imjected in the host cell cytisol, plays a relevant role in the
precanc ennes leson developinent. This might account for
the lack of association in shwdies that did not lake into ac-
count the prevalence of Hp inlection in the population
under audy [36].

As regards age-related OV, an important rde is plived
by athenselerotic disease, one of the main cuses of mor-
tality worddwide. Athemsclenmsic is a chronic, progrsive,
muliifactoral disease mostly affecting lirge and medism-
sized ehstic and muscular artedes: Gtty-streak lesions
are initiated by the sccumulation of vies in subsen-
dothelial spaces, where they develop into lipid-laden
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macrophages, otherwise known as foam cell. Currently,
muliple independent pathways of evidences suggea this
wcal condition as a pﬂ:u]:'nr:l-{nn af infammation,
triggered by ¢holstersl-rich lipopnsteins and other nox-
s Botoms, such as 1‘."*::1&{1.& anoke, diabeies melliies
and hypertension. [nflammation seems, indeed, 1o be the
prevalent process of athemsdemsis, evocated by multi ple
risk factors and responable for the altered arte dal biology
mmancialed with athemsdemsis complications [2038.39].

The initial stimules inducing the inflaimmatory process
et o et been fully identified. However, endothelial dys-
Tuenction pliys a crocial mle in indammation evocation.
Several causes are asmociated with endolhelial dyshmction,
m:r:]udmﬁ thee majosr mumber of trsditional stherosceross
risk Botors, e elevated low densty lipoprotein vahses,
free radicals caused by cigamites smoking, hyperien-
sion, dialsetes, elevated levels of homooysteine. Infections
cased by Chlamydia preumoniae, Herpes dmplex virus,
Cytomegalovirus and Hp aleo have been chimed o play a
key [actors in the disease. Thus, stherosclerods may be
considered & a chamcteristic regponse both to endothe-
livem injury and bo Uhe ¢ onsedqu ent endothelial dyshmction.
Endothelial dydunction leads 1o compensalory respornses
mmsckifyirng the neemal homecstatic properties of the endo-
thelium and Evouring the expression of adhesion maole-
cules, which, by binding to variows chsses of leukocytes,
play a key mle in the sthemsderotic proces [20.38-41].

Complex intersctions among the resident endothelial
cells, the smooth musce cells and the infilirating mono-
cytes and T hmphocytes determine the don of
falty streaks into vascular lesions that block the nommal
bhood Qow and ultimately end into rupture of the ath-
ercacberotic plague, leading o sither oyocardial infare-
tion o stroke [20383%9].

However, the inflammatory process has a strong herit-
able component. Thus the analysis of the genes that ame
key nodes of the inflammatory response might in part
clarify the pathophysiology of atherosdermsis and its com-
plications [14,2024].

Beveral sudies have documented the inflluence of ABD
blood groups on plsma Willebrand factor (VWE) levels,
hence of factor VI plasma level. ABH oligosaccaride
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meta-analyss studies. A]'IJ'H:n.lg}l. most Sudies show an
incrested risk for CVD in subjects carnying non-0) blood
groups, there are conflicting resulis suggesting that the
isme of the association betwesn ABO blood group and
CVD need furher invedigations [931]. On the other
hand, lige-scale genomic studies (GWAS) have revealed
a central ae for ABO antigens and blood levek of inflam-
matory mediaton a8 sduble adbesion molecules, demaon-
strating that growp O individuals show higher levels of
inflammatory medistors. This might be due to glyoosyl-
tramsferanes sctivity, which might negatively influence
sheddinglcleavage of inflammatory molecules from the
endothelium [9.20314546], see alio below. In any case,
this consld explain the inconsistent resulis oblained.

ABD and long evity

ABD antigens have been known for a long time and yet
their biclogical meaning & still largely obscure [L&].
Based on the available knowledge of the genes immlved
in their bioamthesis and their tsae digribution, their
polymorphism has been suggested to provide intra-
species diversity allowing to cope with diverse and rap-
idy evolving pathogens [18]. Accondingly, the different
prevalence of ABD group genotypes among the popula-
tions has been demonstrated to be driven by mabiria se-
lection [LA47 48] [n the similar manner a particular ABO
blood group may contribute o Gvowr lil-extension via
biclogica mechanizns important for surviving or ehsding
sedous disexse [6].

Ther: are only five reports suggesting a possible aso-
ciation between ABOD blood groups and ageing/longevity
features, among those only two perfomed on centenar-
jans and only one perlrmed by molecular methods. In
the fird ane, a significant incresse of A blood ty pe was ob-
served in the healthy old edy male population over 64 years
of age from UK [49, bt itis mot possible to congder this
study for the very low age taken into account. In a sudy
carried out on a small smple of very longevouws Turkish
population, no sssciation was found [50]; however, the
validity of age daims was very questionable becawse birth
certificales were nol available, so alio this study cannot be

strsctures have been identified on the N-linked oligosc-
charide chains of VWF located in the Al domain, which
containg the binding site for phitelet glycoprotein b
The VWF levels are approximately 25% higher in indi-
vid uals who have a blood group other than O and it might
depend on endothelial A, B glycosyhranderste encymes,
which generate A and B antigens, on the exsting VWF
“H* oligssccharides This addition 1o VWF might, in
ey, il senmc e it blood level [931.42-34].

O this basis, it is not surprisng that a pessible asoc-
ation between CVD and ABO blood group has been
pointed out by several cse—contml, retmspective and

A mere pecent study imestigated the asociation between
blood groaps and lik expectiney in Japanese populition
[51]. The authos compared freguencies of ABD blood
grows in 209 centenariang living in Tokve and those in
7153 regionally matched controls. Differences between
centenariang and controls and between observed and -
pected frequencies were invesigated by Chi Square tests
Griup B was olgerved more Fequently in ¢ entenafans
than in controls, suggesing that group B might be associ-
ated with exceptional longevity. The authons suggested
that group B individisals ame more likely o survive age-
rebited diseases rather than escape them since 33% of the
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cefilerarian were [ree of age-related dissses, but this did
nt conrelate with the group B.

In a furher study, 1o validate thess resulls Brecher
and Hay [52] collected data on the ABO blood growps of
patients who died in a United States tediary care hos-
pital over a 1-year period. If group B was a marker for a
longer lifespan, it would be expected that the pencentage
of group B patients would rse with age at the time of
death and those of other blood groups would decine.
A total of 772 patients were included in the sudy
and dala were presented a8 ABO proportion smatified
by age. The authoms fownd gt the percentage of group
B patients declined with age, and this result was sta-
tistically significant. Mone of the other blood groups
showed a satistically sgnificant increase or decrease
when plotted aguing decsde of death. Overall, these re-
sults suggest that group B i not a madeer for lon gevity, at
leaat in L%,

We have recently investigated [53] the mbtionship
between ABD group and longevity in a small sample
ol e Sicilian centenarians (n = 34) and young
conitrals {n 59). Owr group of centenarins (age mange
100107} had no cardiac dsk faciors or other age-related
diseases. The control group (age mnge 45-65) was re-
cruited from blood donors and judged 1o be healthy on
the basis of clinical history and blood tests joomplets
boind el comnit, ervihnseyvie sedimentation rate, gheoode,
ures mitrogen, crstinine, sectmlytes, Coresctive protein,
liver function tets imn, poteing, cholestersl and tiglve-
erides). Samples were genotyped by molecular bickegy to
determine ABD blood growp and Chi Square analysis
wat wsed to determine the gatigical sgnificance of dif-
ferences in ABO of centerarians and controb. Owr pilst
study shows a notsignificant increase of Al allee in
Sicilian centenarian.

Conclusions

As previously siated, blood groups seem: to infheen ce sensm
level of soluble adbesion molecules in blood stream. In
partcular, il & interating Lo mole tat levels of snmm dd-
uble E-selectin which represents an infammatory marker
of several dismes, indeding CVD, are kigher in 0/0 in-
dividials, whereas a single nucleotide polymaorphism in
Al allele is sssncisted with Low levels o thess inflammatory
markers. A recent GWAS conducted on level of inflamma-
tory markers in the Sardinin population highlighted the
asspciation betwesn CVD and ABO locws and the associ-
ation was established between this locws and intedeukin
{IL}-6 gene. Subjecis homorygows for G allele in ra57152
SHE comesponding to blood type O carriers, showed
higher [L-6 circulating levels mspect to non-0) carders,
although the rexson in unknown, reinforcing 3 relevant
invelvement of blood group antigens in inllmmalory
process. Indeed, previous studies demonstrated that a
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varant in ABD geses might explain the variation in
soluble E-slectin levels [4546.54-56].

As previously gated, several studies show that inllam-
matory gene vadant s, responsible for a low inflamma tory
response or 3 high anti-infammatery regponse are amo-
ciated with lengevity, avoiding or delaying the onset of
CVD [19-21]. In the genemation of centenariang wnder
study, the control of VD, in fct plays a key mle in the
lmgevity attainment [19-21]. So the Siclian msults, that
need to be confirmed in a larger sample of centenarians,
also taking inte account the gender due to its relevance
in immun e-infllammatory responses [57], ame in line with
the previows statements. 5o, people carrying Al alkele
shnld be advantaged in ablaining longevity because of
the lower levels of the serum soluble inflammabory
marker E-selectin linked to this blood growp, o avoiding
or delaying ca ndiovascular events.
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Weak D and partial D: our experience in daily activity

Clandia Rizzo'*, Laura Castigha'”, Emma Arena®, Simona Gangi'”, Giuseppina Mazzola®,

Calogero Caruso!?, Sonva Vasto!?

1 Deperiment af Medical and Forensic Pathology and Biorechnologies, University gf Palermo, Palerme; "Unit
g Immnmohaemarology and Trangfiision Medicine, "Paolo Giaccone " University Hospital, Palermo, Taly

Dear Sir,

The RH genes AHD and RHCE encode two
proteins that represent the clinically most important
blood group system defined by the sequences of red
cell membrane proteins. RAD and RAECE, encoding
the Fh proteins (D and Co/Ee, respecuwvely), are
organised in tandem on chromosome 1p34-p36 and
probably denived from duplication of & common
ancesral gene. hismy RH genes CATy point DnItanons,
or have rearrangements and exchanges between
RHD and RACE which result frony gene conversion
events. RHCE encode hybrid proteins that have
FhCE-specific aming acids in Fh, or BhD-specific
residues in BhiCE. These nught generate new antgens
in the Bh blood group system, and alter or wesken
expression of the conventional entigens'=.

Feduced expression of I} anfigen oCours in an
estimated 0.2%-1%0 of Caucasians. Histoncally, red
blood cell antigens that react with anti-I} only after
exended testing with the mdirect snnglobulin est are
called wesk 0. Weak D expression primarily results
from single point putations in AR which encode
aming acid changes predicred to be intracellular or n
the Tansmembrane regions of BhD. These affect the
efficiency of insertion, and, therefore, the quanmry of
FhI protein in the membrane, reflected in the reduced
pumber of D antigen sites on the red blood cells. Fed
blood cells with partial I antigen type as D-positive,
but individuals often produce ant-Dy when stimmlated
by ransfusion or pregnancy. Some partial D, similar
to weak D, result from point nutations in AT that
cause single amino acid changes. But, in contrast to
weak D), these changes are located on the exmacelalar
regions and alter o creste new epitopes’~.

Molecular methods for blood group genotyping
became avallable more than 10 years ago and are
usefil methods to help to clarnify immmogenetic
doubts or to verify results’. Molecular RETD blood
Eroup fyping is very efficient for mensgping donors

and patients carrying sy of the vanous molecular
types of weak D and partial D, Wesk D and partial
D expression are caused bry a large number of AT
alleles and warianons of the antigen structure of
BhD result either in & parnal (partial I¥) or a weak
D phenotype (wesk I¥). Weak and partial I result in
quantitative and qualitative changes in Bh protein
expression respectively. The clinical relevance of
these changes are, according to Flegel'=, that weak
D subjects belonging to weak type 1, 2, 3, 4.0, 4.1
and 5 can be reated as Fh-positive and be mansfused
by Bh-positive red blood cells, while subjects with
wesk type 4.2-11 and 15 should be wested as Fh-
negative and mansfused with Fh-negative red blood
cells. Partial I can produce different protein epitope
expression and, therefore, induce specific annbody
production. In this simation, pertial Tf subjects should
be considered Fh-negative and transfused with Bh-
negative red blood cells'?.

In our daily practce, D antigens are determined
serological agghutination tests according to the
puidelines of Ttalian Society for Transfision Medicine
and Immmmchaematology?. Inparticular, during rounine
PBhesus tests, a microtire plate-based assay employing
two different ant-D (D-Fapid, clone BUM-1 Ighi
and D-Fast, clone Ighi; Inmcor Gamma Imomicor,
Inc. Morcross, A, TUSA) is used. Thereafier, the I
negative samples are tested for DF with two different
methods: a microtime plate employing Ang-Tv Dhao
IgG-1gM (clone I=GTeM clone Th28+M526; Galileo
Capnure B ImommcorGranmma ) using solid phase caphure
and & gel mairix test employving one ang-D (Id-Dia
Clone Anti-I; Diabded GmbH, Switerland). If the
result is positive, the samples are tested with a gel
mamix direct anriglobulin assay. The serological
analysis for allelic D variant is based cn "Partial Fh
Typing" (InmmcorGamms) wsing sic monoclonal IgG
antisera and Capture-F Select (InnmicorGammes) in a
solid phase pethod
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Molecular biclogy analysis is performed using
commercial kits from BAGene Health Care GmbH
(Weak D-TY PE; Partizl D-TY FE; BAG Health Care
GmbH, Germany). The basic material for typing
with BAGens DINA-55P kifs is purified DMA from
peripheral blood monomclear cells. The test is based
on sequence-specific prmers (S5F) - polymerase
chain reaction (PCE). BAGene Partial D-TYPE
allows for the moleculsr genetic determinanon of
partisl D such as DI, DIT DIV DF DV, DY,
DAU, DBET, DFF, DHEHML, DHMG, DNE and DFA4R
(Fh33), whereas BAGene Weak D-TYPE allows
the molecular penetic determination of weak D types
mchding I, 2, 3, 4041, 4.2, 5, 11, 15 and 17. Both
methods are based on the fact that primer extension,
and hence successful PCE. relies on an exact match
at the 3"-end of both primers. Therefore, only if
the primers entirely match the target sequence is
smplification obtamed; this is subsequenthy visualized
by agarose gel electrophoresis.

In 2010, a swrvey performed at our Umnit, the
Immunchaematolegy and Transfusion Medicine
Unit of the "Pacle Giaccone™ University Hospital
m Palermo, revealed that out of 11 samples (from
8 moales and 3 females) analysed snd regarded by
preliminary amalysis as weak D, only eight were
confirmed by complete serological anslysis as weak
D, whereas the other three samples did not give
satisfactory results. & genenc protocol was, therefore,
used, which gave the results of I weak type L/DCE,
ope L1/DCS, and SDAFR respectively. On the basis
of this outcome, we re-evaluated the eight patients
assessed as weak D by serological anatysis getting D
weak rype 5TCS as the most frequent result. These
results were not influenced by the patents' gender
oT 3ge.

Given the strong immmmogemicity of the I antizen
and the high rate of immunization of D-negative
mdividusls after the mansfusion of D-positve red
blood cells, the detenmination of RHD alleles is of
special significance’". Immmwmisanon of D-negative
individuals can cccur following transfusions
of D-positive red blood cells and in D-negative
pregnant women carrying D-positive foetuses”.
The aim of this study was to use a genefic protocol
o confirm and or clanify D antizen doubts in order
o prevent immmmisaton of patients. At first glance,
serglogical apalysis for D) weak appeared to be

tmstarorthy regarding common D weak phenotypes
whereas analysis of non-common phenotypes was
less sansfactory. In particular, D wesk fype 5 was
easily idenfifisble by serological analysis whereas Dy
wedk types 1 and 11 seemed to display lower sntibody
affiniry and was, therefore, less well identifiad.
With respect to this problem the use of the genetic
protocol was decisive for obtaning correct results.
The evidence of I partial results was confirmed by
the presence of DICS and DAR. veriants. The genetic
resolution of these vansmts is, so far, imited, and
these two results are, therefore, taken in the context
aof D-positive results. However, given the low momber
of samples screened, this smdy cannot be decisive
and other samples need to be anahrsad.
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In this issue of Acta Haematologica, the authors report
the association between the human major histocompati-
bility complex (MHC) human leukocyte antigen (HLA)-
C3 and acute myeloid lenkemia in the Korean population,
confirming previous studies on the association between
HLA-C and acute myeloid leukemia [1]. Following the
demonstration by Lilly et al. [2] in 1964 of the increased
risk of spontaneous or virus-induced leukemia in con-
genic mice with the H-2K (the MHC in mice), it is now
over 4{ years since the first associations between particu-
lar HLAs and leukemia and lymphoma diseases were de-
scribed. These include a cross-reactive group of HLA-B
and Hodgkin's disease, HLA-A2 and acute lymphocytic
leukemnia {ALL) [3]. Over time, many studies on the as-
sociation between HLA and the different kinds of lenke-
mia have been performed showing contrasting results [3].
Following these pioneering studies, a broad spectrum of
immune-mediated diseases, certain malignancies, lon-
gevity, infectious diseases, and adverse reactions to some
drugs have been shown to be associated with allelic vari-
ants of HLA [4, 5. 5o far, there appear to be no striking
leukemia genetic susceptibility loci in HLA similar in na-
ture and magnitude to those seen for autoimmune and
infectious diseases. However, mounting evidence sug-
gests that more modestly associated susceptibility loci

showing population and type may exist [1, 3]. Meverthe-
less, the clear identification of a causative role for the HLA
polymorphism in the pathogenesis of HLA-associated
leukemia remains the exception rather than the rule. Ad-
vances in the understanding of MHC biological functions
will enable comprehensive and definitive studies for eval-
uating the role of HLA in lenkemia.

The human MHC is a multigene which includes the
highly polymorphic HLA class I (HLA-A, -B and -C) and
class II genes (HLA-DRA, HLA-DRBI, HLA-DRB3-5,
HLA-DQA, HLA-DQE, HLA-DPA and HLA-DPB) that
code different kinds of glycoproteins specialized in the
presentation of short peptides derived from infectious
apents or self-proteins to T lymphocytes, hence playing a
key role in both cellular and humoral immune response.
This occurs via signaling to T cell receptors and the sub-
sequent initiation of the acquired immune response.
Their polymorphism impacts on the peptide-binding
groove, varying the amino acids that can be housed with-
in the peptide-binding pockets. Thus, different HLA al-
leles possess different peptide-binding repertoires. HLA
class I proteins present peptides from intracellular pro-
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teins (including invasive viruses) to T cell receptors on
CD'8 (cytotoxic) T cells leading to immune mechanisms
which destroy the cell. It is noteworthy that HLA pro-
teins, in particular HLA-C alleles, also interact with killer
immunoglobualin-like receptors (KIR) that play a crucial
role in the activity of natural killer cells, known to control
tumor transformation and viral infection. The peptide-
binding groove of HLA class II proteins, only expressed
on antigen-presenting cells, carries a self- or nonself-pep-
tide derived from proteins sourced from outside the cell
by endocytosis. It is then presented to the T cell receptor
of CI4 (helper) T cells. Besides, there is a wide variety of
extended HLA genes, some with a role in immunity, some
with nonimmune roles and many with unidentified roles.
The simultaneous occurrence of two or more alleles at a
frequency other than expected by chance is termed allelic
association or linkage disequilibrium, and there is strong
linkage disequilibrium between several of the extended
HLA loci [4, 6].

Taking the complexity and function of HLA into ac-
count, which are the mechanisms responsible for an as-
sociation between lenkemia and HLA, if any? Most of the
performed studies present serious challenges because of
@ number of confounding factors. Firstly, sample size is
important, as most studies are prone to selection bias and
false-positive associations. In fact, a minimum of 320 sub-
jects for each sample is required to detect the difference
in frequency if an antigen occurs, for example, in 5% of
sample A and in 15% of sample B. Secondly, different
studies have different inclusion criteria, inappropriate
mixing of data (cohort effects) referring to people of dif-
ferent ages and inappropriate matching of controls, ie a
lack of selection from the same target population. Third-
by, in several studies, correction to adjust for multiple
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comparizons is not used (we do not need them only in
confirmatory studies). Lastly, the associated HLA poly-
morphism may play no direct role, with the actual dis-
ease-predisposing polymorphism being in linkage dis-
equilibrium with the initially reported HLA association
{which merely acts as a marker) [5].

With regard to the possible role of HLA molecules in
leukemia, a cansative role of HLA in terms of presenta-
tion of a nonself-peptide (i.e. virus) or altered self-peptide
(i.e. @ mutated oncogene) is a possibility. An alternative,
not mutually exclusive, possibility refers to a causative
role via the influence on the T cell repertoire, including
Treg cells [3. 4]. On the other hand. no significant evi-
dence exists for the association with non-HLA loci in ex-
tended MHC [1, 3].

It is noteworthy that a recent in-depth investigation of
KIR genes and their cognate HLA ligands on childhood
ALL risk, which was carried out in 212 childhood ALL
cases and 231 healthy controls, suggested a role for KIR
genes and their HLA ligands in childhood ALL etiology
that may vary among ethnic groups [7].

S0, in our opinion, the ehserved association of HLA
class [ antigen in particular with HLA-C alleles can be ex-
plained by their role as ligands for KIR. The negative re-
sults obtained might be due to the fact that the HLA-C
gene is highly polymorphic and more than 1,000 different
proteins have been identified so far, so a 2-digit HLA-C
typing is not accurate enough to predict which KIR/KIR
ligand interaction occurs. In addition, HLA-C-bound
peptides play a rale in KIR/KIR ligand interactions, as not
all the presented peptides seem to permit KIR interaction
[&].

In foture studies, the accurate characterization of
HLA-C allotypes will be crucial to clarify this point.
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8. DISCUSSION AND CONCLUSION

This thesis highlights the importance of applying the scientific molecular method
to transfusion medicine.

It has been demonstrated that the history of transfusion medicine, was born with
the need of man to cure incurable diseases and has legendary and controversial origins.

The first approaches to blood for therapeutic purposes were very different from we
intend for “transfusion therapy": the blood was like a magic fluid capable of healing
the wounds of soul before than body. So history shows that the first transfusion (made
with oral administration) served to rejuvenate or to treat mental illness. In the Middle
Ages bloodletting therapy was frequently used for release negative moods responsible
of disease

The beneficial and adverse effects generated a very painful story regard the use of
blood for therapeutic purposes.

The Renaissance, a time of important discoveries in medicine, is characterized by
great contrasts. On the one hand, the growing scientific interest initiating the
"experimental period”; the other the collection of data, among confirmations and
denials, creates a general climate of distrust and doubts regarding the transfusion only
heterologous and performed with primordial instruments (vein to vein) at that time.

So, in Europe transfusions were not practiced throughout the XV1I1 century.

The scientific discoveries of the XIX century and the need to treat the wounded in
the First World War, gave great revival to the transfusion medicine and started the
"Therapeutic period" that continues until the present day.

Currently, transfusion medicine is open to many clinical fronts and has a great
interest in the continuous innovations for transfusion therapy improvement.

How might continued innovation contribute to improved transfusion therapy?

According to M. Schilling ( professor of management and organizations at New York
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University Stern School of Business) there are at least five approaches (table 5).
(Schilling 2012)

TYPES OF INNOVATION

Improving products

Improving process to produce a product
Improve uses of existing products
Identifying new uses of existing products
Use existing processes to produce new

products

arwDdE

Table 5. Typing of technical innovation and strategic managements. (Schilling MA)

1) Improving products. Recent examples of this approach in transfusion medicine

are RBC additive solutions that extend storage; the introduction of leukoreduction for
TRALI preventions; the introduction of pathogen inactivation of labile blood
components (PLTs). Pathogen inactivation can be done with a psoralen-type
compound that prevents DNA strands from replicating, or riboflavin and UV light that
damages nucleic acids. Blood products treated with these methods are widely used and
clinically effective. A fringe benefit of the pathogen inactivation techniques is that
they prevent replication of lymphocytes and thus eliminate the need for irradiating
blood products. (McCullough 2007; Schlenke 2014)

2) Improving process to produce a product. In this case, aphaeresis plays a key

role. The multicomponent production with aphaeresis introduced in the last decades,
has allowed to improve the quality of the product (blood components) through the
improvement of the production process. For example, there are simple devices now
that are used to collect 2 units of RBCs from a single donor. Even more exciting is that
these devices can be used to collect other combinations of components. Continued
innovation by engineers can be expected to refine these devices to make it possible to
collect any combination of components from each specific donor at the collection site.
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This improves the standards of the product and reduces handling laboratory, producing
blood components with more quality and safety Once that is possible the component
laboratory may have outlived its usefulness.(Snyder et al 2003)

3) Improved uses of existing products. A goal of modern transfusion medicine is to

improve the appropriateness of prescribing blood components. This comes from
awareness that a blood component, if is not necessary, can expose the recipient to the
transfusion risks and the improper use reduces availability for other patients. So, have
been carefully studied and declared the indications to transfusion therapy. Examples of
this area are the evolution of the prophylactic PLT transfusion trigger to 10x10°%L or
the lowered RBC transfusion trigger to 8 or 7g/dL, PLT crossmatching, and blood
management programs (McCullough 2010).

4) ldentifying new uses of existing products. One of the challenges of transfusion

research, is to know more precisely the properties of blood and its components. This
has allowed to understand that platelets, for example, are not only protagonists of
homeostasis, but platelet's granules contain growth factors able to stimulate tissue
regeneration. So, the platelets can also be used for other purposes (regenerative
medicine). Another eexamples is the use of IVIg in various autoimmune diseases and
the use of plasma for replacement in exchange transfusions to treat thrombotic
thrombocytopenic purpura (TTP): the use of plasma in the treatment of TTP has
radically changed the natural history of the disease and improved the prognosis and
life expectancy of patients.

5) Use existing processes to produce new products. Novel cellular therapies or

cord blood banking are examples of this type of innovation. The cord blood collection
procedure is different from whole blood or apheresis collections, but the issues in cord
blood banking are essentially the same for whole blood or apheresis. These issues
include consent, medical evaluation of the donor, collection procedures, cell
preservation, testing for safety and potency, and transfusion techniques. (Broxmeyer

2013)
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A large number of different novel cellular products are either being manufactured
or under development. For instance, with the use of cell manipulation techniques it is
possible to produce cytomegalovirus (CMV) cytotoxic T cells for treatment of CMV
infection, CD4/25 regulatory T lymphocytes for prevention of GVHD, isolation of
marrow cells for cardiac repair after myocardial infarction, T cells for the treatment of
prostatic carcinoma, cytotoxic T lymphocytes to treat nasopharyngeal carcinoma due
to EBV infection, T-depleted blood stem cell grafts to enhance engraftment,
mesenchymal stem cells to treat sickle cell disease, autologous stem cells to repair
small vessels in the legs to treat leg intermittent claudication, and cardiac stem cells
for repair after myocardial infarction?.(Redd et al 2009)

This thesis and the work performed during this PhD course highlight another
aspect that contributes to transfusion therapy innovation: the improving of the
molecular technologies application.

This has important significance not only for the diagnosis of disease, but also in the
identification of a targeted and personalized transfusion therapy.

For example, molecular cloning and characterization of ADAMTS13 gene and protein
structure have opened a new avenue for study of the biology and biochemistry of the
ADAMTS13 protease. Development of a sensitive and specific assay for ADAMTS13
activity and inhibitor would not only help to understand the pathogenesis of TTP, but
also to facilitate a more timely and accurate clinical diagnosis, which is crucial for
initiating and tailoring therapy in patients with TTP.

The knowledge of the ADAMTS13 gene, have provided further insight into the
structure-function relationships, biosynthesis, and regulation of the ADAMTS13
protease. To date, more than 70 mutations on ADAMTS13 gene have been described

in patients with congenital or familial TTP. The majority of these mutations are

? Examples of products being developed manufacture through the National Heart, Lung, and Blood
Institute (NHLBI)-funded group called Production Assistance for Cellular Therapies (PACT)
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missense mutations involving cysteine residues and have been identified in patients
with severe deficiency of plasma ADAMTS 13. So, the mutations on ADAMTS13
gene has been considered to be the primary cause of congenital TTP.(Shelat et al
2005)

The presence of ADAMTS13 autoantibodies are rather specific for making a diagnosis
of acquired TTP. In addition, a high titer of inhibitory autoantibodies correlates with
more relapses (Tsai et al 1998). An ELISA assay along with Western blotting using
the recombinant ADAMTS13 as an antigen has been developed recently, which can
detect both inhibitory and non inhibitory autoantibodies. (Reiger et al 2005)

Adjunct immune therapies such as rituximab, an anti-CD20 chimeric monoclonal
antibody, or cyclophosphamide, may be considered to reduce inhibitory antibodies in
patients with acute TTP who do not adequately respond to plasma exchange or are
chronically relapsed (Fakhouri et al 2004). Therefore, a robust ADAMTS13 inhibitor
assay is critical for understanding of the mechanism of TTP and for tailoring therapy.
Another example is the study of the growth factors (GFs) used for tissue repair in
regenerative medicine. Our study on the application of platelet gel in orthopedics, have
demonstrated the potential to modify the natural healing pathway of tendons and
ligaments in several ways. The action is related to the increased concentration of GFs
and bioactive proteins released by activated platelets (Table 6), which seem able to
help the regeneration of tissues that otherwise have low healing potential, potentially
restoring biomechanical properties similar to normal tendons and ligaments (Taylor et
al 2011).
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GF Function
TGF-Bl1  Matrix synthesis

PDGF Stimulate angiogenesis, cell proliferation, mitogen for fibroblasts
bFGF Proliferation of fibroblasts and myoblasts, angiogenesis
VEGF Angiogenesis
EGF Proliferation of epithelial and mesenchymal cells
IGF-1 Stimulate fibroblasts and myoblasts
HGF Angiogenesis

bFGF. basic fibroblast growth factor; HGF, hepatocyte growth factor; 1GF-1, insulin-
like growth factor; PDGF, platelet-denved growth factor: TGF, transforming growth
factor.

Table 6. GFs Released by Activated Platelets (Taylor et al 2011)

The application of PRP amplifies the surge of chemical mediators to the
microenvironment of the injured area, including platelet derived factors. The increased
concentration of platelets and GFs mimics the initial stage of the inflammatory
response, characterized by the migration of neutrophils, monocytes, and macrophages
to the site of injury under the guidance of the chemical mediators.
These cytokines mediate the initiation of neovascularization, tenocyte proliferation,
fibroblast proliferation, and further recruitment of inflammatory cells. In addition to
the stimulatory effects of PRP on reparative cells, there is evidence that PRP may also
have an inhibitory effect on certain pro-inflammatory cytokines that may be
detrimental to the early stages of healing, specifically through suppression of IL-1
release from activated macrophages. This dual action of enhancing repair and
minimizing tissue breakdown may allow local PRP application to accelerate the tissue
healing process, leading to a wide range of potential applications and potential
advantages for improved outcomes and faster recovery.™

Finally, an improvement in the application of molecular techniques, concerns the
blood and HLA typing. Our data, underlined the importance of molecular biology in

Immunohematology to discriminate aspects not easily identified by serology.
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Today the blood banks of rare groups use of the latest generation molecular
biology techniques (microarray and array) to type in extended erythrocyte antigens.

Yet little explored is the genetic study of erythrocyte alloreactivity.

Alloreativity is the production of alloantibodies (antibodies against erythrocyte
antigens belonging to the minor blood groups) as a result of antigenic transfusion
stimulus. The literature about alloreactivity, correlates to a precise set-HLA class I,
which emphasizes the increased susceptibility of individuals to produce alloantibodies
in the presence of the same antigenic stimulus (Gragert 2014).

Therefore, our future prospects are oriented in a case-control study to evaluate
serologically alloreactive subjects polytransfused (case) and not transfused (control) in
order to correlate the HLA and immune response.

Concluding, innovation in blood banking and transfusion medicine can be also
considered based on the underlying science and technology or the organizations that
fostered innovation.

For continued innovation, transfusion medicine and blood banking must imbue a
culture in which embrace the new and appreciate the value of innovation not just for a
financial return on investment, but to improve medical care and provide value to
patients.

The transfusion community must be forward looking and open to new ways of
doing things. A commitment from blood organizations to innovation will be essential:
clinical trial sites and organizations willing to evaluate and support these innovations,
as a driving stimulus is dedication to continue to improve transfusion therapy for
patients.

During the past several decades, remarkable advances have led to improved
transfusion therapy for patients. For continued innovation, it will be important to
strengthen relationships with other scientific and technical disciplines and to attract
talented young people into this field.
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