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ADAM28: a disintegrin and 

metalloprotease domain 

ALL: acute lymphoblastic leukemia 

AML: acute myeloid leukemia 

APC: Antigen-Presenting cell 

BL: B lymphocytes  

C/EBP-β: CCAAT / Enhancer Binding 

Protein Beta 

CLL: chronic lymphocytic leukemia 

CTL: cytotoxic T lymphocytes  

DC: dendritic cells 

DFS: disease-free survival 

G-CSF: Granulocyte Colony-

Stimulating Factor 

GVHD: graft-versus-host disease 

GVT: graft-versus-tumor  

HSC: Hematopoietic stem cell 

HSCT: Hematopoietic stem cell 

transplantation 

IDIBGI: Institut d’Investigació 

Biomèdica de Girona Dr. Josep 

Trueta 

IDO: Indoleamine-2,3-dioxygenase  

 

IFN γ: interferon gamma 

IgSF: immunoglobulin supergene 

family 

LECs: lymphatic endothelial cellsLA 

MDSCs: Myeloid-derived suppressor 

cells. 

MM: multiple myeloma 

MMP: matrix metalloproteinase 

NK: NK lymphocytes 

NLRs: NOD-Like Receptors  

OS: overall survival 

PBPCs: peripheral blood progenitor 

cells 

SF2/ASF: Splicing Factor 2/ 

Alternative Splicing Factor 

TAMCs: tumor-associated myeloid 

cells 

TL: T lymphocytes 

TLRs: Toll-Like Receptors  

TNFα: Tumor Necrosis Factor Alpha 

Treg: regulatory T cells. 

TRM: transplant- related mortality 

UCB: umbilical cord blood 

1.  ABBREVIATIONS 



                                                                                      Marina Carracedo Andrés 

7 
 

BACKGROUND: Hematopoietic stem cell transplantation is the preferred therapeutic 

approach with curative potential for several hematological and non-hematological 

pathologies. CD200 is a glycoprotein part of the immunoglobulin supergene family (IgSF) 

and its binding to its receptor results in a downregulation of the immune system. There 

is very little information regarding CD200 polymorphisms, and their biological 

implications remain unclear. It has been suggested that rs1131199 polymorphism could 

influence the extent of regulation of the CD200 protein’s function. CD200 

polymorphisms association with complications after allogeneic hematopoietic stem cell 

transplantations for any cause has not been addressed. 

HYPOTHESIS AND OBJECTIVE: The purpose of this study is to evaluate the association 

of donor’s CD200 genotype with overall survival in receptors of HLA-identical sibling 

donor allogeneic hematopoietic cell transplantation during the years 1991-2015 in 

hospitals where the “Grupo Español de Trasplante Hematopoyético (GETH)” works.  

Secondary objectives include analyzing the association of donor’s CD200 genotype with 

acute GVHD development, relapse, transplant-related mortality (TRM) and disease-free 

survival (DFS) in receptors of HLA-identical sibling donor allogeneic hematopoietic cell 

transplantation during the same years in the same hospitals.    

METHODS: For this aim, multicenter retrospective cohort study is designed in which 

1091 will be included. Their donors’ CD200 polymorphism rs1131199 (C or G) will be 

determined via Allelic discrimination. Overall survival and other clinical outcomes will 

be compared in a group of patients whose donor was homozygous for allele G against a 

group of patients whose donor was homozygous for the allele C or heterozygous C/G. 

KEYWORDS:   

CD200, rs1131199 polymorphism, allogeneic HSCT, HLA-identical sibling donor, acute 

GVHD, leukemia, myelodysplastic syndromes, myeloablative regimen, T depletion. 

 

2. ABSTRACT 
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3.1. HEMATOPOIESIS  

We refer to hematopoiesis as a dynamic process in which starting from a common 

undifferentiated progenitor -the stem cell-, different lineages of circulating blood 

cells are produced (1). It takes place in several organs: bone marrow, spleen, liver, 

thymus and lymphatic nodes (2). 

Stem cells (which express CD34) have two main properties, which are (2,3): 

A. Differentiation into specific cell lines, each of them with functions and 

phenotypes that differ from the progenitor.  

At the beginning of the process, there are two principal lines: 

- Lymphoid: the common lymphoid progenitor, which later 

differentiates into B lymphocytes (BL), T lymphocytes (TL) and 

spontaneous cytolytic lymphocytes (NK). 

o BL take part in the production of immunoglobulins. 

o TL CD4, also called TL helpers, take part in the activation of BL 

and macrophages by releasing cytokines. TL CD8, also called 

cytotoxic, take part in the defense against intracellular 

pathogens.  

o NK take part in the defense against cells recognized as foreign, 

either by direct action or through antibody-mediated cellular 

cytotoxicity. 

- Myeloid: the common myeloid progenitor, which later differentiates 

into monocytes, neutrophils, basophiles, eosinophiles, 

megakaryocytes (later fragmented in platelets) and erythrocytes (2). 

3. INTRODUCTION 
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Figure 1. Hematopoiesis process. Adapted from (2) 

B. Self-renewal. Stem cells have a high proliferating (also called self-renewal) 

capacity. There are several types of stem cells, with also different potency 

abilities: 

- Pluripotent cells, originated from the embryos, can develop into any 

of the three germ layers- endoderm, mesoderm and ectoderm. 

- Multipotent cells can only differentiate into tissues from one of the 

previously mentioned germ layers. 

- Oligopotent cells can only develop into cells of one specific tissue (4). 

 

3.2. HEMATOPOIETIC STEM CELL 

TRANSPLANTATION 

Hematopoietic Stem Cell Transplantation (HSCT) is a treatment strategy 

consisting of infusing hematopoietic stem cells (HSC) into patients suffering 

from hematological and chemotherapy-treated solid cancers or other non-

Linfocito T 
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hematological disorders (such us immunodeficiencies, metabolism innate 

errors or autoimmune diseases) as a potentially curative treatment, by the 

rebuild of hematopoiesis and the replacement of damaged (cancerous or 

not) hematopoietic cells (5,6). 

During the year 2022, 46.143 HSCT were documented by 689 European 

transplantation centers. The 58,8% (27.132) of them were autologous 

transplantations and the remaining 41,2%, were allogeneic (19.011) (7). 

 

Figure 2. Hematopoietic stem cell transplantation. Extracted from (7).  

“A” represents absolute numbers of conducted HSCT, and “B” represents the HSC source chosen between years 1990 and 2022. 

As we see in graph B, in allogeneic hematopoietic stem cell 

transplantations, unrelated donors are the most frequent ones, followed 

by HLA-identical siblings, haploidentical and umbilical cord blood. The 

year 2022 was the last one analyzed and published (7). 

 

Figure 3. Disease indications for Hematopoietic Stem Cell Transplantation (7) 

Myeloid malignancies are represented in green, lymphoid malignancies in blue, solid tumors in brown and non-malignant 

pathologies, in red. “A” represents allogeneic 1º HSCT and “B”, autologous 1º HSCT. 
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3.2.1. SOURCES OF HEMATOPOIETIC STEM 

CELLS 

▪ Bone marrow 

Marrow has historically served as the stem cell source for HSCT. The collection 

consists of 3-5 aspirations placing wide-gauge needles bilaterally into the 

patient’s posterior iliac crests or the sternum while the patient is sedated with 

local or general anesthesia. Trocars or drivers are used to penetrate the bone 

and soft tissues before inserting the aspirating needle. Anesthesia and trocar 

placement are performed with more precision when fluoroscopy or ultrasound 

are applied to guide (8,9). 

The minimum acceptable dose is 2 x 10^8 nucleated cells/ kg of the receptor’s 

body weight and a safe procedure extracts 20mL/kg of the donor’s body weight. 

Adverse reactions are infrequent (9). 

 

Figure 4. Representation of patient's positioning lying in prone and the needle used for a bone marrow aspiration (8) 

 

▪ Peripheral blood 

After a stimulus -generally G-CSF (with the possibility of adding chemotherapy in 

case of an autologous HSCT)-, mobilization of hematopoietic stem cells to 

peripheral blood is produced, where they are known by “peripheral blood 

progenitor cells (PBPCs)” and extracted by leukapheresis.  

The minimum acceptable dose is 2 x 10^6 CD34+ cells/ kg of the receptor’s body 

weight and increased HSC concentrations are correlated with a quicker 
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engraftment. Therefore, 4 x 10^6 CD34+ cells/ kg is seen as optimal, but with 

higher doses than those, GVHD risk significantly increases due to higher T cell 

(more regulatory T cells (Treg) and Th2 response) recollection, so they are not 

recommended. 

A frequent adverse reaction is G-CSF- associated bone pain (9). 

 

▪ Umbilical cord blood (UCB) 

UCB is obtained from the umbilical vessels right after parturition. It contains high 

amounts of stem cells lacking from prior immunological exposures, and thus 

immature which allows its infusion to an HLA- differing patient (9). 

Even though UCB is abundant in HSC, the volume of a sample obtained from a 

newborn size cannot supply the HSC needs of an adult receptor and thus, 2 UCB 

units are usually infused (9). These low levels of HSC trigger an extended time for 

neutrophil engraftment and therefore, more infective complications (10). 

The 1 UCB unit minimum acceptable dose is 2,5 x 10^7 total nucleated cells or 

CD34+ cells/ kg of or 2 x 10^5 CD34+ cells/ kg of the receptor’s body weight (9). 

 

In the context of autologous transplantation, PBPCs are preferred over a marrow source, 

whereas when an allogeneic HSCT is performed, other data (such as the disease, the 

preparative regimen) are taken into account to choose among the two sources. 

Here is a table that summarizes the previous information: 
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Table 1. HSC sources. Adapted from (5,9–11) 

 LIMITATIONS STRENGTHS USES 

BONE MARROW 

- Slower and wicker 

engraftment. 

- More graft failure 

- Requirement of 

anesthesia.  

- More transplant-

related mortality 

(TRM) 

- Less GVHD and 

adverse reactions 

- Average- risk 

hematological cancers 

- Non- malignant 

diseases  

- Reduced- intensity 

conditioning (RIC) 

 

PERIPHERAL BLOOD 

(PBPCs) 

- More GVHD (due to 

higher T cells) 

- Possible bone pain 

after G-CSF 

- More 

immunosuppression  

- Quicker and stronger 

engraftment (less 

neutropenia) 

-Lower costs 

- Possibly lower 

recurrence rates. 

- Less TRM 

- No anesthesia 

required 

- Autologous HSCT 

- Advanced or high-risk 

hematological cancers 

 

UMBILICAL CORD 

BLOOD (UCB) 

- Small sample 

compared to adult size 

(requirement of 2 UCB 

units) 

-More infections 

- Could be used in 

mismatched HLA 

receptors. 

- Alternative source 

when HLA related or 

unrelated donors lack. 

3.2.2. TYPES OF TRANSPLANTATIONS 

Autologous HSCT consists of the infusion of the patient’s endogenous cells, whereas in 

allogeneic transplantation, the cells proceed from an unrelated, an HLA-identical sibling 

(who shares both of the haplotypes with the patient) or an haploidentical donor (who 

shares only one HLA haplotype) (5,7,12). 

▪ Autologous HSCT 

Its main purpose is to allow myeloablative regimens with elevated doses of 

chemotherapy by then restarting the hematopoiesis in the damaged bone 

marrow (13). 
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HSC are extracted from the patient before the chemotherapy (from a peripheral 

blood source as explained before) and later administered back after the 

myeloablation. Post-HSCT immunosuppression is not required (5). 

The phases of the procedure would be the following ones: 

Table 2. Autologous HSCT phases. Adapted from (13) 

1.  HSCs mobilization 

2. PBPCs leukapheresis 

3. Conditioning chemotherapy 

4. Reinfusion of HSC 

5. Support until immunity recovery 

 

Figure 5. Autologous hematopoietic stem cell transplantation phases (13) 

Some solid and hematological malignancies benefiting from this elevated-dose 

chemotherapy are: recurrent or refractory Hodgkin or not Hodgkin lymphoma, 

MM, central nervous system and testicular tumors, and to consolidate some 

acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) (5). 

Autologous HSCT have shown decreased infections and transplant-related 

mortality, but an increased disease relapse (5). 
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▪ Allogeneic HSCT 

Unlike autologous HSCT, when an allogeneic donor is involved, a conditioning 

regimen and post-infusion treatments which cause the receptor’s 

immunosuppression are mandatory to successfully achieve the donor’s 

engraftment (and to prevent rejection mediated by T cells and NK which did not 

respond to previous conditioning) (5,9). 

The key process through which allogeneic HSCT performs its function is by the 

beneficial graft-versus-tumor (GVT) effects, which consist of donor cells 

identifying and eliminating host’s remnant malignant cells. T cells play a key role 

in GVT, but as they are involved, there are more chances to induce a certain level 

of alloreactivity and generate GVHD (9). 

Some hematological malignancies benefiting from this elevated-dose 

chemotherapy are: acute myeloid leukemia (AML), acute lymphoblastic leukemia 

(ALL), chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), 

myelofibrosis and myelodysplastic syndromes (MDS) (5). 

Allogeneic HSCT are associated with higher complications and TRM rates and 

require preparative regimens and an induced downregulation of the immune 

system after the procedure to prevent GVHD (9). 

▪ Syngeneic HSCT 

Donors and receptors share the exact same genotype, as they are identical twins. 

They are recognized as the most optimal donors for transplantation. A decreased 

TRM but an augmented tumor relapse rate have been associated (as there is less 

alloreactivity and thus less GVT effects) (9,14,15). 

3.2.3. HSCT PREPARATIVE REGIMENS 

Conditioning regimens are implemented before the hematopoietic cell transplantation 

targeting two main objectives: 

- Decrease tumor burden. 

- Avoid graft rejection by inducing medullary aplasia and thereby 

myelosuppression (16). 
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▪ Myeloablative (high-dose conditioning regimens) 

Myeloablative regimens, which are composed of chemotherapeutic alkylators with or 

without total-body irradiation (TBI), suppress the bone marrow and therefore, 

hematopoiesis, generating a deep aplasia involving all cell lineages (16). 

Autologous transplantations widely use this regimen because, as explained, the 

reinfusion of HSC after high-dose conditioning restarts hematopoiesis in the damaged 

bone marrow, so this allows to maximize the dose-response relationship (9,13). 

o Total-body irradiation (TBI) 

TBI can enter sanctuary sites, such as the central nervous system and gonads. It has 

highly immune system downregulation attributes. Most preparation regimens use 12 

or 13,2Gy. Higher doses are correlated with more toxicity, TRM and GVHD but less 

relapse rates (9). 

o Chemotherapy 

There are several different options. One of them is cytarabine combined with TBI or 

with other chemotherapeutic agents, such as busulfan (chemotherapy- only 

conditioning) (9). 

▪ Non-myeloablative regimens and Reduced-intensity 

conditioning (RIC) 

Non-myeloablative preparations trigger slight cytopenias without the need for a 

posterior HSCT (16). 

Allogeneic transplantations could use RIC (resulting in less toxicity and myeloablation) 

considering the key role of the alloimmune effects the donor’s HSC would exert against 

malignancies (GVT response) (9). RIC regimens do not cause severe cytopenias, but need 

a posterior HSC infusion due to the prolonged cytopenias it triggers (16). 

Reduced-intensity conditioning has remarkable strengths, such as lower treatment-

associated-toxicities and lower late effects, lower GVHD rates and the treatment 

enablement of more fragile and older people who could not benefit from myeloablative 

regimens (9,17). 
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Nevertheless, it also has some limitations, like the demand of increased numbers of HSC  

to achieve engraftment and immune recovery, the need of a robust GVT response and 

the weakened tumor burden eliminating response (9,18). 

As lower chemotherapy doses are administered, part of the patient’s hematopoiesis 

remains, which leads to a “mixed donor/host chimerism (5-95% are donor’s T cells)” 

and thus more relapse rates because of a decreased GVT effect exert by the donor’s 

cells. Immunosuppressive medications are required after RIC to reach a complete 

donor’s HSC engraftment (≥95% are the donor’s T cells)  (9,19). 

3.2.4. COMPLICATIONS OF HSCT 

A table is provided below listing the main complications of the hematopoietic stem cell 

transplantation: 

Table 3. Main hematopoietic stem cell transplantation complications. Adapted from (9) 

Acute graft-versus-host disease 
Hepatic complications 
-Sinusoidal obstructive syndrome 
-Hepatitis: infectious or noninfectious 

Blood group incompatibilities and hemolytic 
complications 

Infectious complications (bacterial, fungal, 
cytomegalovirus, herpes simplex virus, 
varicella-zoster virus, Epstein-Barr virus, 
adenovirus, respiratory viruses, human 
herpesvirus- 6, 7 or 8 and other viruses) 

Chronic graft-versus-host disease Kidney and bladder complications 

Drug-drug interactions 

Late onset nonmalignant complications 
(osteoporosis/osteopenia, avascular necrosis, 
dental problems, cataracts, chronic fatigue, 
psychosocial effects and rehabilitation) 

Endocrine complications 
Lung injury (interstitial pneumonitis, diffuse 
alveolar hemorrhage, engraftment syndrome, 
bronchiolitis obliterans) 

Gastrointestinal complications 
-Mucosal ulceration/bleeding 
-Nutritional support 

Neurologic complications (infectious, 
transplant conditioning and immune 
suppression medication toxicities) 

Graft failure Subsequent malignancies 

Growth and development Vascular access complications 

 

▪ Graft failure 

Graft failure consists on an insufficient engraftment of the infused donor’s HSC in the 

host’s bone marrow, which results on high morbimortality (owing to the immune system 

downregulation and  prolonged cytopenias) and higher relapse rates (as a consequence 

of less graft-versus-tumor effect) (20). 
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Primary graft failure is characterized as the lack of accomplishment during the 28 days 

after a HSCT of all the listed below items specific to the administered conditioning 

regimen (9). 

Table 4. Primary graft failure characterization items. Adapted from (9) 

Myeloablative conditioning Reduced- intensity conditioning 

a. Neutrophiles ≥ 0,5 x 10^9 / L during 3 
consecutive days (usually achieved the 21 first 
days after transplantation) 

Donor chimerism <5% (less than 5% are the 
donor’s T cells). 

b. Platelet ≥ 20, 50 or 100 x 10^9 /L during 7 
days without transfusions. 

c. Hemoglobin ≥ 80g / L without transfusions. 

 

Secondary graft failure, more associated with allogeneic HSCT, consists of the 

diminishment of donor’s cells or its function (of  at least 2 of the lines represented in the 

table above) in a previously engrafted transplantation (9,20). 

Graft failure has different therapy options, encompassing growth factors, autologous 

reconstitution, supplementary hematopoietic progenitor cells infusion or a second HSCT 

with its corresponding new preparative regimen (21). 

▪ Graft-versus-host-disease (GVHD) 

Graft-versus-host disease is one of the most common complications of allogeneic HSC 

transplantations and the main morbimortality reason not associated with relapse (6). 

It happens because the donor’s immunologically competent cells (mainly mature T 

lymphocytes) identify the host’s tissues as non-self. Therefore, bigger HLA differences 

(which is the main risk factor) result in higher GVHD rates (6).  In the context of matching 

donor-receptor HLA, hundreds of minor histocompatibility antigens are involved in the 

development of GVHD. They are peptides displayed in the binding sites of major 

histocompatibility complex (MHC) antigens, which can be HLA type 1 (displayed in every 

cell) or HLA type 2 (displayed only on antigen-presenting cells “APC “: DC, macrophages 

and stimulated T lymphocytes) (9). 

GVHD can be labelled as acute or chronic. In the past, this difference was made based 

on whether the clinic started throughout the first 100 days after the transplantation 

(considered acute) or after 100 days (named chronic). Nevertheless, the actual 

diagnoses and classification takes into consideration the clinical and histological aspects, 
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without the 100 days limit, and an overlap subclassification is also added if chronic and 

late acute features appear simultaneously. Acute GVHD usually only impacts skin, 

gastrointestinal tract and liver, whereas the chronic type can be observed in any body 

part (6,15). 

A. ACUTE GRAFT-VERSUS-HOST DISEASE 

Its incidence after allogeneic HSCT ranges from 40% to 60% depending mainly on 

donor-receptor HLA mismatches, but also in other factors such as the patient’s 

age, stage disease, HSC source or the preparation regimen administered (6,9). 

Table 5. Acute GVHD phases. Adapted from (9,15)  

Pathophysiology of Acute GVHD 

1. Initiation: The conditioning regimen administered before the allogeneic 
transplantation harms the receptor’s tissues, which results in more exposure of 
histocompatibility antigens and an elevated pro-inflammatory cytokine secretion 
(TNFα and IL-1) and the consequent APC stimulation. 

2. T cell activation: Donor or receptor’s APC present the histocompatibility 
alloantigens to the donor’s mature T lymphocytes, which become activated and start 
a pro-inflammatory Th1 response involving INF γ and IL-2. 

3. Effector phase: Cytokine and cellular effectors (mainly CD4 and CD8 but 
macrophages and neutrophils too) resulting from the activation explained in the 
previous phase, facilitate T lymphocytes cytokine-mediated migration to several 
tissues (typically skin, gastrointestinal tract and liver) harming them through an 
apoptosis pathway. 

 

Figure 6. Acute GVHD phases. Adapted from (15) 
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Its severity can be classified from I to IV depending on organ involvement 

(considering skin, bilirubin increase and diarrhea quantity) (6). ANNEX 1 

After an allogeneic HSCT, immunosuppressive medicines are necessary to avoid 

an acute graft-versus-host disease. Otherwise, the majority of the patients would 

suffer it. Several prophylactic regimens have demonstrated advantageous 

outcomes, being some of the most commonly utilized (9): 

- Tacrolimus + methotrexate (MTX) on days 1,3,6, and 11 post-

transplantation (9,22). 

- Antithymocyte globulin (ATG) + cyclosporine A (CsA) + MTX (22). 

- Cyclophosphamide + tacrolimus + mycophenolate mofetil (23). 

 

Strategies involving the depletion of the donor’s T cells (whether performing ex 

vivo manipulation of the sample -by filtering it before the HSC infusion- or in vivo, 

administering for example ATG) have proven decreased GVHD rates, but in 

contrast, graft rejection, relapse and infection rates have augmented (9). 

 

Once it develops, glucocorticoids are the selected first-line treatment: either 

oral prednisone or intravenous methylprednisolone (depending on the severity 

and the organs affected). As a second line, Ruloxitinib is chosen (15). 

 

Figure 7. Acute GVHD treatment (15) 

 

 

 



                                                                                      Marina Carracedo Andrés 

21 
 

B.  CHRONIC GRAFT-VERSUS-HOST DISEASE 

After an allogeneic HSCT, chronic GVHD may develop due to immune dysfunction and 

inflammation- fibrosis phenomena, leading to organ damage (24). 

There are no established diagnostic biomarkers, so most chronic GVHD assessments rely 

on clinical assessments and patient reviews (24). To determine the chronic GVHD 

severity, a validated score including general and organ-specific items has been applied 

(9). 

Virtually every organ can be affected, highlighting the following findings: lichenoid skin 

lesions which may evolve to generalized scleroderma, oral lichenoid reactions, vaginal 

and esophageal stenosis, keratoconjunctivitis sicca, gastrointestinal changes, chronic 

hepatic disorders and obliterative bronchiolitis (9). 

 

Figure 8. Clinical findings in chronic GVHD. Extracted from (24) 

“A” represents lichen planus and poikiloderma, “B” fasciitis and sclerosis, “C” sclerosis and “D” oral lichen planus. 

Chronic GVHD has been correlated with higher GVT effects and less relapse rates and is 

the main complication in long-term allogeneic HSCT survivals. However, its negative 

effect on TRM (it is the first cause of non-relapse mortality) might surpass the positive 

reduction of relapse rates (9,24). 
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90%-95% of the patients develop chronic GVHD during the first year post-

transplantation, and only 30% have not had a previous acute GVHD (24). 

These patients usually need longer immunosuppressive medicines administration (2 

years as a median time). Its standard treatment consists on oral prednisone 1mg/kg/day 

accompanied or not with a calcineurin inhibitor (such as tacrolimus or cyclosporine), 

even though 50% of the patients do not achieve an optimal response, and need second-

line treatment (such as the frequently used Ibrutinib) (9). 

3.2.5. HSCT PHASES 

 

Figure 9. HSCT phases. Adapted from (25) 

▪ Evaluation 

This phase determines if a patient (and its donor if it is not an autologous 

transplantation), meets criteria for the HSCT procedure and if the transplantation is the 

best therapeutic approach for the patient. It includes: 

- HSCT consultation 

- Typification of HLA from related or unrelated donors (25). 

▪ Pre-transplantation Care 

After the patient is recognized as potentially eligible to receive a HSCT, preparation prior 

to the initiation of the conditioning regimen begins. It includes: 
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- Disease severity determination (using CT scans, bone marrow 

biopsies, serum protein analysis via electrophoresis…). 

- Functional test to assess organ performance (lungs, heart, liver, 

kidneys…). 

- Psychosocial evaluation. 

- Additional evaluations to determine the donor and patient’s 

suitableness and eligibility (25). 

▪ Transplantation event 

This phase includes from the start of the conditioning regimen until 30-120 days post-

transplantation. It covers HSC infusion and its associated hospitalization or outpatient 

visits. It includes:  

- HSC mobilization and collection. 

- Administration of the conditioning regimen. 

- Conditioning regimen-hospitalization or outpatient visits. 

- HSC infusion. 

- Post-transplantation-hospitalization or outpatient supportive care. 

- Handling complications related to the transplantation (25). 

▪ Post-transplantation follow-up 

Once the transplantation event concludes, this phase begins until the patient is 

released from regular follow-up care at the transplantation center. Its aim is to ensure 

the patient’s long-term recovery. 

- Hospitalization or outpatient supportive care. 

- Handling complications related to the transplantation (management 

of chronic GVHD, vaccinations…)(25). 

There is no standardized consensus or guidelines for eligibility criteria, so the decision 

is taken by the transplant center and team through a complicated multidisciplinary 

evaluation. Parameters taken into account are disease-related factors (diagnosis, 

remission status and Disease risk index) and patient-related factors, such as physiologic 

(age and comorbidities), psychosocial, and economic (26). 
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- Some examples of scales applied to assess the comorbid condition are 

Karnofsky Performance Status (KPS), Hematopoietic Cell 

Transplantation-Comorbidity Index (HCT-CI) and the frailty score (26). 

- Most hospitals do not consider a strict age limit. High-dose 

conditioning was a limitation due to its more pronounced toxicities 

less well-tolerated in elderly people, but with RIC regimens before 

allogeneic HSCT this problem has diminished. However, potentially 

eligible patients for an autologous HSCT must be capable of coping 

with high chemotherapy doses (as its benefits against tumors are 

based on the conditioning regimen administered), so age restrictions 

are frequently more rigid.  

RIC has effectively been carried out in 90-year- old patients, whereas 

high-dose conditioning is initially contemplated as an option for age 

60-65 or younger (but the current supportive care has allowed to 

perform myeloablative regimens in older than 70-year-old patients 

with other favorable disease and comorbid conditions) (9). ANNEX 2 

 

3.3. CD200 PROTEIN 

3.3.1. CD200 AND CD200R’S STRUCTURE 
CD200 and its receptor, CD200R, are both part of the immunoglobulin supergene family 

(IgSF). They are transmembrane glycoproteins with the following structure: 

- Two Ig-like extracellular domains that consist of a variable (V) and a 

constant (C) region. Through these territories, more specifically 

through the antiparallel β-sheets named as GFCC’ in their NH2-

terminal domain, CD200 and CD200R are able to interact with each 

other. (27) 

- Transmembrane Region 

- Cytoplasmic tail. This is where CD200 differs more structurally from 

CD200R. Human CD200R has a long 67 amino acid tail with two 

tyrosine residues that are part of a NPxY amino acid region shared by 
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many transmembrane proteins in its intracellular region. It contains 

asparagine (N), proline (P), a variable amino acid (x) and tyrosine (Y) 

(28–30). 

Tyrosine residues’ phosphorylation start an intracellular signaling cascade 

by generating a binding location -Y286 and Y297 in this case- for proteins 

with SH2 or phosphotyrosine-binding domain (27). 

CD200’s cytoplasmic short 19 aa domain was previously thought not to 

have any signaling relevance, but it has been discovered to be a binding 

motif for γ secretase. The interaction causes the fragmented-intracellular 

tail’s translocation and binding to DNA, resulting in an augmented 

transcription of pro-malignant genes (31). 

 

Figure 10. CD200 and CD200R structure (27) 

Human CD200, formed by 278 amino acids codified on the chromosome 3 (3q12-q13), 

is expressed in myeloid and lymphoid cells. It is constitutively regulated by C/ EPB β 

(which is the main transcription regulator, even though there are other molecules such 

us Sp1, Oct1 and Tst-1)’s interaction with a core promoter region composed by two 

positive regulatory domains next to the transcriptional initiation site (169bp away), with 

interaction sites for C/ EPB β. IFNγ and TNFα have also been proven to be necessary to 

regulate CD200’s inducible expression (27,31). 

Its receptor, CD200R, formed by 348 amino acids is encoded by 9 exons at 3q12-13 very 

near to the CD200 region. There are several isoforms of this receptor (CD200R2, 

CD200R3, CD200R4 and CD200R5) found in rodent species, but the best distinguished 
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one and the only one expressed in humans is CD200R1. It can be found in myeloid cells 

and some T lymphocytes (27). 

3.3.2. CD200-CD200R1 INTERACTION 
CD200 and its receptor bind at 37ºC with an equilibrium dissociation constant (Kd) of 

0,5 µM  through their Ig-like extracellular domains (32). 

As explained before, there is a specific region, named GFCC’ in their NH2-terminal IgSF 

domain, that has residues with a crucial role: E44, I71, T73, E75 and I133 (27). 

Once they bind, CD200R1 tyrosine motifs get phosphorylated and an intracellular 

signaling cascade causing the inhibition of RAS/MAPK pathway starts. First, the 

inhibition proteins with phosphotyrosine-binding domains called Dok1 (or Dok-R) and 

Dok2 (or FRIP) bind to Y297 and Y286. Later, this produces RasGAP and SHIP respectively 

coupled with the previous molecules, which inhibits Ras pathway, leading to a decreased 

activation of MAPKs ERK, p38 and JNK (27). 

This explanation has been proven in rodent species. Humans follow the same process, 

except for the Dok1 effects, which are none or indirect, being the signaling cascade 

mediated mainly by the Dok2 and therefore RasGAP (27). 

 

Figure 11. CD200: CD200R interaction and pathway (30) 

3.3.3. IMMUNE CELL RESPONSE TO CD200  
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▪  LYMPHOCYTES 

CD200:CD200R1 interaction results in a transition from a mediated Th1 cytokine 

production to a Th2 cytokine pattern. This leads to a diminished production of pro-

inflammatory cytokines (TNFα and INF γ). 

It also causes downregulated cytotoxic TL response, which could be explained by a direct 

suppression due to the presence of CD200R1 in some T cells, or by an indirect inhibition 

through CD200R’s expression in other cells -for example macrophages or DC- (27). 

▪ MACROPHAGES 

In M1 activated macrophages -through TNFα and INF γ- when CD200:CD200R1 bind, the 

suppressing Ras pathway -involving Dok2 and RasGAP as explained above- leads to the 

reduction of its function and the blockade of autoaggressive T cell responses. 

We can also see the shift to Th2 immune responses here, because high numbers of 

CD200R are related to alternatively M2 activated macrophages (through anti-

inflammatory cytokines IL4 and IL13), inducing this an augmented Th2 immune response 

(27). 

▪  BASOPHILS AND NK CELLS 

CD200:200R1 interaction also inhibited NK and basophil’s activity though the 

suppressed Ras pathway (27). 

NK’s diminished activity causes an interruption in INF γ secretion, reinforcing the 

inhibition of Th1 cell response. CD200’s expression has also been proven to induce NK 

cells’ apoptosis (30). 

▪ DENDRITIC CELLS 

CD200’s expression in dendritic cells is regulated by different pathways: 

- During apoptosis, p53 levels increase, and through the p53 

Responding Elements (p53RE) placed in intron 1 of the human CD200 

codifying sequency, this causes an overexpression of CD200 in 

dendritic cells. 

- There is evidence that caspases also influence its expression. 
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These high levels of CD200 in dendritic cells modifies TL activity, which causes a lower 

production of IFN γ and TNFα, leading to a decreased macrophage activation too (27). 

▪ MYELO-DERIVED SUPPRESIVE CELLS (MDSCs): 

Like many myeloid lineage cells, MDSCs express CD200R1, and their function is to inhibit 

immune reactions during diseases, for instance infections, tumors, TPH, autoimmune 

diseases… They are involved in the downregulation of T cells, the regulation of 

macrophage and DC’s release of cytokines and the upregulation of regulatory T cells 

(Treg) (27). 

Treg consist of CD4 lymphocytes that express Foxp3 transcription factor, and through IL-

10, IL-35 and TGF-β  cytokines, and other mechanisms, like cytolytic granzymes and 

perforins, they participate in the suppression of exaggerated immune responses and 

induce tolerance (33,34). 

In the context of the tumor microenvironment, cancerous cells expressing CD200 

promote MDSCs proliferation, and through its C200R1, enhances the inhibitory Ras 

response, perpetuating immunosuppression and favoring cancer growth (27,30). 

▪ OTHER MOLECULES RELATED TO CD200: 

- Indoleamine-2,3-dioxygenase (IDO) 

IDO, present in DC and T cells, catalyzes the transformation of tryptophan to N-formylo-

kynurenin. Its overexpression is being studied to be a way in which CD200:CD200R 

dysregulates the immune system and induces tolerance, mainly after a pro-

inflammatory (TNFα and INF γ) cytokine exposure (27). 

- CD200R’s paired receptor “CD200RL”. 

The concept “Paired receptor” means that inhibiting receptor CD200R1 is linked to an 

activating receptor, which is called CD200R1-L (CD200R-like). It can be found in 

peripheral blood neutrophils and its structure is similar to the CD200R1, but we find 

differences, like its inability to bind to CD200 or that its cytoplasmic tail does not have 

the tyrosine residues, although some tyrosine motifs implicated in activating signaling 

are found in the transmembrane domain. Its activation results in the release of ROS and 

IL-8 (implicated in neutrophils chemotaxis), which supports the “counterbalancing 
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theory” that explains how these receptors could participate in immunoregulation 

through defending against the downregulation of the defenses caused by the pathogens 

who interact with CD200R1 (30). 

- CD200’s splice variant “CD200tr” 

CD200tr is a natural functional variant resulting from CD200’s transcription without exon 

2 and with a 30 aa shorter N-terminal chain. The splice variant works as the entire 

glycoprotein’s competitive inhibitor, compensating CD200’s CTL and IL-2 suppression. 

As the full-length protein, CD200tr can be found in most human tissues, excluding bones 

and muscles.  

CD200 or CD200tr expression is constitutively regulated by ESE (exonic splicing 

enhancer) - located in the exon 2 of CD200 – which exerts its function through SF2/ASF 

protein. A mutation or dysregulation of ESE: SF2/ASF results in more CD200tr and less 

CD200 expression (27). 

- Toll-Like Receptors (TLRs) and NOD-Like Receptors (NLRs) 

Pathogens’ presence activates TLRs and NLRs, which start the innate immune system 

response and increase CD200 synthesis (and consequently through its pathway, the 

suppression of macrophage’s action). This counteracting feedback prevents bacterial 

sepsis (27). 
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Figure 12. Representation of CD200 responses involving several immune cells, and its biological consequences. Adapted from 
(27,30) 

3.3.4. BIOLOGICAL IMPORTANCE OF CD200 

▪ RELATED TO TRANSPLANTATIONS:  

CD200 has been shown to perpetuate survival after a transplant, by the previously 

explained shift of cytokine release. Th1 response, involving pro-inflammatory cytokines 

such as TNFα, IL-2 and INF γ, is inhibited and is polarized towards both a Th2 immune 

response (which involves anti-inflammatory cytokines like IL-4, IL-10) and a TGFβ and IL-

10 response that activates Treg. These different signaling pathways lead to “tolerogenic” 

DC and suppression of CTL, and thus a longer allograft survival (27,35). 

When an allograft has just been performed, an overexpression of CD200 has been 

demonstrated necessary to induce tolerance to the transplant. Once this is reached, 

Treg cells can prolongate this tolerance without CD200’s action, as long as there is not a 

secondary severe inflammatory stimulus caused by other circumstances, which breaks 

this balance and can cause rejection within a previously tolerated graft. Although CD200 

presence has shown not to be necessary in the maintenance stage, its pathway 

activation was proven to be essential for Treg activity and persistent survival in the 

maintenance period, showing the importance of the CD200:CD200R axis in both 

induction and maintenance (27,35). 

Treg action is elaborated. Investigations suggested they are involved (through IDO and 

heme oxygenase-1) in modifications of the goal tissue to  support tolerance (35). 
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Other molecules, like the immunoadhesin CD200Fc have been proven to downregulate 

alloimmunity, which also prolongates graft survival. Immunoadhesin CD200Fc consists 

of an IgFc domain artificially joined to the extracellular CD200 territory (27). 

Some research about human renal transplants concluded that an increased 

CD200R1/CD200 levels before the procedure anticipate immunocompetence in the host 

and thus later acute rejection to the transplant. However, these same increased levels 

after the transplant, anticipate in a non-invasive way, immunosuppression and CMV 

reactivation and longer time of infection. Post- transplantation monitoring could be 

adjusted to the numbers of CD200 / CD200R1, performing biopsies (the gold standard 

acute rejection diagnosis tool), where in cause of rejection, we could see monocyte 

infiltration. In CMV infections, activated macrophages are also involved, as explained in 

the next chapters (36). 

▪ RELATED TO CANCER 

CD200 participates in the tumor microenvironment promoting its development in 

different ways: 

- Tumorigenic signaling pathways: being the main one, initiated by 

CD200: CD200R1 binding. 

- Angiogenesis of new blood vessels supplying the tumor. 

- Cancer-associated inflammation: it is regulated by TAMCs (tumor-

associated myeloid cells). DC, Tumor-associated macrophages (TAMs) 

and MDSCs are part of the TAMCs (30,37). 

 

Figure 13. Different vias CD200 exerts its pro-malignant function (31) 
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As we see in the picture above, CD200 has different vias to exert its pro-malignant 

function: 

a. CD200:CD200R1 interaction, through the polarization of the cytokine 

release with more Th2 anti-inflammatory response (and inhibition of the 

Th1 response and its pro-inflammatory TNFα, IL-2 and INF γ release) -

caused by the suppression of the Ras pathway involving Dok2 and RasGAP- 

, perpetuates the downregulation of the immune system and facilitates 

cancerous cells growth (30). 

b. As many myeloid cells,  MDSCs (which are augmented in number in several 

tumors), express CD200 and release substances such as IDO, NOs, arginase 

1, ROS and inhibitory cytokines (IL-10, IL-13 and TGF), causing the 

consequent suppression of Ras pathway, which leads to the 

downregulation of T cells, the regulation of macrophage and DC’s release 

of cytokines, the upregulation of Treg, as well as the alteration in other 

cells explained in previous chapters. This decreases inflammation and 

therefore, the capacity to defend against tumors, with a poor response to 

immunotherapy (27). 

 

Figure 14. Tumor cells overexpressing CD200 to enhance immunosuppression (30) 

c. γ secretase’s interaction with CD200’s cytoplasmic domain causes the 

fragmented-intracellular tail’s translocation and binding to DNA, resulting 

in an augmented transcription of pro-malignant genes for leukemia (31). 
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d. Extracellular disintegrin and metalloprotease domain (ADAM28) and 

matrix metalloproteinase (MMP) mediate CD200’s excision into a soluble 

CD200 ectodomain present in the tumor microenvironment and in 

systemic blood. ADAM28 has been researched in CLL, and MMP, in basal 

cell carcinoma (31,38). 

The soluble type called sCD200 has been investigated in glioblastoma as 

well, resulting its presence in a higher immunosuppression, which brings 

a poor prognostic to cancers (more aggressive diseases and advanced 

stages rate) but a better response to allografts (30). 

These multifunctional pathways through which CD200 acts, makes its therapeutic 

blockade with an specific monoclonal antibody complicated (31). 

Therapies targeting CD200 have been tested. For instance, a recombinant monoclonal 

antibody named “Samalizumab”, which prevents the binding of CD200 to its receptor, 

was investigated in a clinical trial. It showed unclear results, as tumor burden was 

reduced in CLL but not in MM patients (39). 

CD200 is broadly expressed on different tissues: kidneys, neurons, thymocytes, 

endothelial cells, DC, T and B cells. Therefore, its overexpression can be found in various 

tumors, including hematologic malignancies and solid ones, such as AML, CLL, hairy cell 

leukemia, MM, renal or colon carcinoma, malignant melanoma, glioblastoma, 

pancreatic or bladder cancer (30,31). 

Table 6. Tissues expressing CD200 and CD200R1 (36) 

“-“ represents no labeling, “+” represents some or all cells are labeled, “ +/- “ represents weak labeling and “ND” represents not 

determined. 
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Its overexpression is generally associated with poor prognosis and lower event-free 

survival rates. In CLL, CD200 has been correlated with circulating tumor cells suppression 

and with certain chromosome alterations, such as the trisomy of chromosome 12 (which 

already brings the disease an intermediate risk). In melanoma, a polarized Th2 response 

and suppressed and TNFα and INF γ release was found; and in AML, it inhibits Th1 

response and NK and T cells’ actions. AML patients expressing CD200 hardly ever achieve 

CR after the induction chemotherapy because high Treg numbers are associated with a 

poor response to this therapy (27,31). 

The last paragraph gives us an idea that CD200 expressing tumors act in diverse ways. 

Some express the protein in the illness’ first stages (like melanoma) and some do in 

advanced phases (like Cutaneous Squamous Cell Carcinoma), and the modulators of its 

expression are different in dissimilar kinds of tumors (for example, being ERK the 

regulator of melanoma or FMNL2 of colorectal carcinoma) (31). 

CD200 has also been studied in the designated as “cancer stem cells”. These cells have 

a high self- renewal and differentiating capacity, and their presence in the tumor’s 

microenvironment enhances cancer’s progression and has been associated with a higher 

recurrence rate and a higher therapy resistance (40). 

In a similar manner, lymphatic endothelial cells (LECs) regulate immune cells’ pass and 

their interactions with each other. LECs have shown regional specificity and thus 

different responses, especially during inflammation, so investigators researched paying 

attention to psoriasis-related skin inflammation. When inflammation is absent, CD200’s 

presence is inconsistent in both the lymph node subcapsular sinus’ ceiling and floor. In 

contrast, when there is inflammation, CD200 increases in the floor population, where 

we find DC and macrophages. Researchers concluded that CD200 overexpression in the 

lymph node subcapsular sinus’ floor’s purpose is to suppress DC and macrophage-

dependent inflammation on the first defense line (30). 

Tumor- nourishing blood vessels are essential for metastasis, because malignant cells 

must cross the vessel endothelium to access the circulatory system. In the same way, 

blood’s immune cells need to pass through the endothelium to infiltrate the tumor. As 

CD200:CD200R1 interaction has been demonstrated to inhibit immune responses in the 
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regional endothelial cells, many tumors promote CD200’s overexpression in order to 

promote metastasis (30). 

▪ RELATED TO INFECTIONS 

Several pathogens have added the CD200, CD200R or a CD200’s mimic encoding gene 

to their genome, to induce immunosuppression in their host (shifting from a Th1 

proinflammatory cytokine response to a Th2 anti-inflammatory one) and therefore, 

permitting the pathogens’ survival (27). 

The CD200 human herpes virus-8 (HHV-8)’s analogue to the human CD200 is the most 

alike to the host one. It is known as K14 and does not share around 60% of the sequence 

of CD200, but conserves the cytoplasmic and transmembrane domains, and most 

importantly, the two extracellular Ig-like regions which allow K14 to interact with 

CD200R1 with equivalent dynamics kinetics to the human glycoprotein (27). 

Kaposi sarcoma needs the host’s HHV-8’s infection to grow. It usually develops after a 

latency phase with basal viral-dependent inflammation. The down regulated immune 

system resulting from the K14: CD200R1 interaction promotes Kaposi Sarcoma 

development (30). 

Some viral infections change SF2/ASF activity through the ESE: SF2/ASF interaction, and 

thus they cause an increase in CD200tr (to try to competitively inhibit CD200’s action) 

(27). 

As the airway is a common microorganism’s entry point, its macrophages have an 

increased CD200R1 presence, which is thought to prevent infection-related 

inflammation. This was researched with the influenza virus, where the CD200:CD200R1 

axis reduces the macrophage population and thus inflammatory lung disease (27). 

▪  RELATED TO AUTOIMMUNE DISORDERS 

A common investigation about rheumatoid arthritis – an autoimmune disease- in 

rodent species is Collagen-induced arthritis, with associated T and B cell immune 

defense against type II collagen. When CD200Fc was dispensed to susceptible mice, the 

Th1 pro-inflammatory immune response typical from Collagen-induced arthritis with 

high TNFα and INF γ was reduced, and it decreased collagen-sensibilization and thus, 
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avoided the pathology’s development. Th2 immune response also takes place during 

this Collagen-induced arthritis (27). 

CD200:CD200R1 axis, with its polarized Th2 response, has also been proven to reduce 

hair-follicle inflammation in rodent species studies. The skin’s keratinocytes in the outer 

root sheath express elevated CD200 numbers, and through their interactions with 

CD200R1 immune cells inactivate resident leukocytes and therefore, inflammation (27). 

Table 7. CD200: CD200R1 axis' positive and negative effects (27) 

 

3.3.5. CD200’S GENETIC POLYMORPHISMS 
 

There is very little information regarding CD200 polymorphisms. Several of them have 

been determined, such as rs1131199 or rs2272022. The rs1131199 polymorphism 

results in an amino acid substitution at codon 11 of the leader peptide, replacing serine 

with cysteine (Ser11Cys). The biological implications remain unclear. It has been 

suggested that as rs1131199 involves changes in the leader peptide, it could impact the 

degree of regulation of the CD200 protein’s function, either enhancing or diminishing it 

(41). 

3.4. HISTOCOMPATIBILITY ANTIGENS. HLA. 

Donor and recipient immunogenetic compatibility is a crucial factor in the success of 

HSCT, having more impact than it does in solid organ transplantation. Histocompatibility 

antigens trigger immune responses (such as GVHD and graft failure) to tissue allografts 

(42). 
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The human major histocompatibility complex (MHC) encompasses genes (situated in 

chromosome 6) which code human leukocyte antigen (HLA), a cell surface glycoprotein 

with extensive genetic variability. There are two HLA (and MHC) variants: HLA class 1 

and HLA class 2 antigens, with different characteristics, as listed in the table below (42). 

Table 8. Features of Class I and Class II MHC Molecules. Extracted from (43) 

 

Class I and II MHC composition is made up of 2 α helices arranged in an antiparallel 

orientation (creating a groove between them) and 8 β chains (42). 

In immune reactions, T lymphocytes identify as non-self antigens displayed as peptide 

fragments attached to MHC molecules. These peptides bind to the groove between the 

2 α chains and arrive in vesicles to the cell surface in different ways (44): 

• MHC Class I: Proteins are degraded in the cytosol by proteasomes and the 

resulting peptides join the MHC molecules in the endoplasmic reticulum. 

• MHC Class II: Proteins are degraded in lysosomes and the resulting peptides join 

the MHC molecules when vesicles enclosing them combine with endosomes 

(42). 
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Figure 15. Figure 16. Mechanisms of peptide presentation MHC Class I (a) and MHC Class II (b) molecules. Extracted from (42) 

 

Minor histocompatibility antigens (mHAs) result from non- MHC polymorphisms 

spread throughout the whole genome and bind to Class I or II MHC after undergoing 

their respective processing pathways. They are strongly associated with the 

development of GVHD in HLA-matched HSCT (42). 

After an allogeneic transplantation is performed, alloantigens elicit both innate and 

adaptative immune responses. Antigen-presenting cells (APC), mainly dendritic cells, 

located at peripheral tissues capture alloantigens and travel to lymph nodes, where they 

present the MHC-peptide complex to T and B cells, and it binds to the receptors placed 

in T lymphocytes (the cells most significantly involved in this process).  This results in the 

initiation of an alloimmune reaction (42). 

Alloantigens can be directly recognized by T cells (which means T lymphocytes join to 

an unaltered allogeneic MHC) or indirectly presented (when the alloantigen has been 

degraded by the hosts’ APC and its residues join MHC molecules) (43). 

Once the alloimmune reaction is triggered, activated B lymphocytes generate germinal 

centers for antibody production, while activated T lymphocytes migrate to the periphery 

in the onset of a T-cell immune reaction. Through direct recognition: 

• CD8 cells are stimulated by dendritic cells that display MHC class I alloantigens 

and mHAs attached to self-MHC class I molecules. 
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• CD4 cells are stimulated by dendritic cells that display MHC class II alloantigens 

and mHAs attached to self-MHC class II molecules. Costimulation by molecules 

such as CD86 and its binding CD28 plays a crucial role in this process (42). 

Histocompatibility testing after an allogeneic HSCT is a key step to decrease the risk of 

complications from HLA mismatches (such as GVHD). As HLA alleles are transmitted 

through generations as a haplotype, family studies are crucial to try to find -if possible- 

the suitable HLA- identical sibling donor (who shares both of the haplotypes with the 

patient) (44). 
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Hematopoietic stem cell transplantation is the chosen potentially curative therapeutic 

approach for many hematological (including leukemias or myelodysplastic syndromes) 

and non-hematological pathologies. Despite the huge recent advances regarding 

transplantation, complications (such as graft failure, infections or GVHD) and relapse are 

not infrequent after the procedure. (9) 

Therefore, identifying potential genetic markers capable of predicting patients’ 

response to HSCT and their overall survival is a key step to lately personalize the 

treatment applied in each patient (using specific donors, conditioning regimens, HSC 

sources, immunosuppressive medicines after the procedure…) to improve these rates. 

In this context, CD200 glycoprotein has an important role. As explained in the 

introduction, CD200’s interaction with its receptor alters different pathways causing a 

downregulation of the immune system.  This leads us to consider that the expression of 

CD200 in donors could impact the ability of donors’ T lymphocytes to identify the host’s 

or micro-organisms’ cells as non-self and respond accordingly, thus altering the 

development of post-HSCT complications and survival rates. 

Several studies have been conducted regarding how donor’s genotypes of similar 

proteins which also downregulate the immune system (CTLA-4, PD1, LAG3…) affect 

clinical outcomes after an HLA-identical sibling donors allogeneic HSCT, but there is no 

data available concerning CD200 (just about specifically multiple myeloma but not 

including other diseases). 

Studying CD200’s different genetic polymorphisms could be useful to understand better 

the pathways through which the protein exerts its function (filling this way a gap in 

existing scientific literature). In addition, it could also be useful to estimate each 

patient’s response to the HSCT and thus, to personalize therapeutic approaches to each 

patient to improve clinical outcomes, optimizing this way resources and healthcare 

expenses. 

 

4. JUSTIFICATION 
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5.1. HYPOTHESES 

The main study hypothesis is that the donor’s CD200 genotype is associated with 

differences in overall survival in receptors of allogeneic hematopoietic cell 

transplantation.  

Secondary hypotheses are: 

- donor’s CD200 genotype is associated with differences in the 

development of acute graft-versus-host disease (GVHD) in receptors 

of allogeneic hematopoietic cell transplantation. 

- donor’s CD200 genotype is associated with differences in transplant-

related mortality (TRM) in receptors of allogeneic hematopoietic cell 

transplantation. 

- donor’s CD200 genotype is associated with differences in relapse 

rates in receptors of allogeneic hematopoietic cell transplantation 

5.2. OBJECTIVES 

5.2.1. MAIN OBJECTIVE 

- To evaluate how donor’s CD200 genotype is associated with overall 

survival in receptors of HLA-identical sibling donor allogeneic 

hematopoietic cell transplant. 

5.2.2. SECONDARY OBJECTIVES 

- To evaluate how donor’s CD200 genotype is associated with acute 

graft-versus-host disease (GVHD) in receptors of HLA identical sibling 

donor allogeneic hematopoietic cell transplant. 

- To evaluate how donor’s CD200 genotype is associated with 

transplant-related mortality (TRM) in receptors of HLA identical 

sibling donor allogeneic hematopoietic cell transplant. 

5. HYPOTHESES AND OBJECTIVES 
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- To evaluate how donor’s CD200 genotype is associated with relapsed 

malignancies in receptors of HLA identical sibling donor allogeneic 

hematopoietic cell transplant. 
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6.1. STUDY DESIGN 

This study is a multicenter retrospective cohort study. 

6.2. STUDY POPULATION 

The study population consists of patients treated with a matching-HLA allogeneic HSCT 

from an HLA-identical sibling donor. 

6.2.1. INCLUSION CRITERIA 

- Patients treated with an HLA-identical sibling allogeneic HSCT in 

hospitals where the “Grupo Español de Trasplante Hematopoyético 

(GETH)” works during the years 1991-2015. ANNEX 3 

- Signed written informed consent for the “Red Nacional de 

Biobancos” by donors and receptors. 

- Available patient-donor pairs of DNA samples. 

6.2.2. EXCLUSION CRITERIA 

As it is a retrospective study, the exclusion criteria are restricted to not fulfilling the 

previously described inclusion criteria. Therefore, the following population will be 

excluded from the study:   

- Matched unrelated donors 

- Mismatched HLA donors 

6.3. SAMPLE 

Accepting an alpha risk of 0.05 and a power of 0.8 in a two-tailed test DNA samples from 

839 patient-donor pairs are required in the group that includes patients treated with 

homozygous donors for allele C and heterozygous C/G CD200 rs1131199 genotype; and 

DNA samples from 252 patient-donor pairs in the group only including patients treated 

with homozygous donors for allele G CD200 rs1131199 genotype, resulting in a total of  

1091 patient-donor pairs of DNA samples to find as statistically significant a proportion 

6. METHODOLOGY 
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difference, expected to be a 50% in the homozygous for allele C and heterozygous C/G 

group and a 40% in homozygous for allele G group. As it is a retrospective cohort study, 

a drop-out rate of 0% has been anticipated. Sample size has been calculated with 

GRANMO. 

Therefore, the study population consists of 1091 patient-donor pairs of DNA samples 

from patients treated with an HLA- identical sibling allogeneic HSCT in hospitals where 

the “Grupo Español de Trasplante Hematopoyético (GETH)” works during the years 

1991-2015. Previously to DNA preservation, written informed consent was signed by the 

entire study population -including donors and receptors-. Samples and data for this 

study will be obtained from the Biobank of the “Institut d’Investigació Biomèdica de 

Girona Dr. Josep Trueta (IDIBGI)”, joined to the “Plataforma Red Nacional de Biobancos”. 

All samples will be processed in accordance with standard operating procedures after 

the authorization of the Ethics and Scientific Committees and adhering to the principles 

outlined in the Helsinki Declaration.  

6.4. VARIABLES  

6.4.1. INDEPENDENT VARIABLE 

- Donor’s CD200 genotype in patients receiving an HLA-identical sibling 

allogeneic HSCT, analyzed as a dichotomous categorical nominal 

variable: “having a donor who was homozygous for the G allele of 

rs1131199 CD200 genotype” or “having a donor who was 

homozygous for the C allele or heterozygous C/G of rs1131199 

CD200 genotype”. 

Allele determination (G or C) will be performed using the following 

equipment and materials on the samples provided by the biobank: 

• QIAamp DNA Blood Mini Kit (Qiagen, GmbH, Hilden, 

Germany) 

• Applied Biosystems™ QuantStudio™ 7 Flex Real-Time PCR 

System 

• TaqMan® SNP Genotyping Assays real time PCR  
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6.4.2. DEPENDENT VARIABLE 

- Overall survival (OS) in months, analyzed as a quantitative 

continuous variable. 

“Overall survival” is defined as the period of time from the neoplasia 

diagnosis until death due to any reason. 

- Transplant-related mortality (TRM), analyzed as a dichotomous 

categorical nominal variable: transplant-related death or no 

transplant-related death. 

“TRM” is defined as patient death resulting from transplant 

complications. Complications are understood as the development of 

any of the events listed below, related with the transplantation 

procedure: 

Table 9. Main hematopoietic stem cell transplantation complications. Adapted from (9)  

Acute graft-versus-host disease 

Hepatic complications 

-Sinusoidal obstructive syndrome 

-Hepatitis: infectious or noninfectious 

Blood group incompatibilities and hemolytic 

complications 

Infectious complications (bacterial, fungal, 

cytomegalovirus, herpes simplex virus, varicella-zoster 

virus, Epstein-Barr virus, adenovirus, respiratory 

viruses, human herpesvirus- 6, 7 or 8 and other viruses) 

Chronic graft-versus-host disease Kidney and bladder complications 

Drug-drug interactions 

Late onset nonmalignant complications 

(osteoporosis/osteopenia, avascular necrosis, dental 

problems, cataracts, chronic fatigue, psychosocial 

effects and rehabilitation) 

Endocrine complications 

Lung injury (interstitial pneumonitis, diffuse alveolar 

hemorrhage, engraftment syndrome, bronchiolitis 

obliterans) 

Gastrointestinal complications 

-Mucosal ulceration/bleeding 

-Nutritional support 

Neurologic complications (infectious, transplant 

conditioning and immune suppression medication 

toxicities) 

Graft failure Subsequent malignancies 

Growth and development Vascular access complications 
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- Acute graft-versus-host disease (GVHD) diagnosis, analyzed as a 

dichotomous nominal categorical variable: developing the acute 

GVHD disease after the allogeneic HSCT or not.  

“Acute GVHD” is defined by fulfilling clinical and histological criteria, 

as explained in the introduction. 

- Disease-free survival (DFS) in months, analyzed as a quantitative 

continuous variable. 

“Disease-free survival” is defined as the period of time starting from 

the day a curative disease treatment successfully ends, where the 

patient does not show any disease sign or evidence. 

- Diagnosed condition relapse, analyzed as a dichotomous categorical 

nominal variable: relapsed condition or not. 

“Diagnosed condition relapse” is defined as the recurrence of a 

previous malignancy (at the primary site, contiguous regions or 

distant metastases in other areas of the body) after being treated 

initially and reaching complete or partial remission. 

6.4.3. CO-VARIABLES 

- Patient’s age in years, analyzed as a quantitative continuous variable. 

- Patient’s sex, analyzed as a dichotomous categorical nominal 

variable:  male or female. 

- Sex mismatch, analyzed as a dichotomous categorical nominal 

variable:  having sex mismatch or not. 

“Sex mismatch” is defined as male patient receiving HSC from a 

female donor. 

- Diagnosed condition, analyzed as a dichotomous categorical nominal 

variable: “having Acute leukemia or a myelodysplastic syndrome” or 

“other diagnoses”. 

- Disease severity, analyzed as a dichotomous categorical ordinal 

variable: having an advanced disease or not. 

Patients with “Advanced disease” are defined as: 
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o Acute leukemia patients surpassing the first 

complete remission. 

o Chronic myeloid leukemia patients surpassing the 

first chronic phase. 

o Multiple myeloma, lymphoma or myelodysplastic 

syndrome patients with progressive disease. 

- Type of induction therapy, analyzed as a dichotomous categorical 

nominal variable: using TBI or others.  

- Type of HSCT conditioning, analyzed as a dichotomous categorical 

nominal variable: myeloablative or not.  

- Source of stem cells, analyzed as a dichotomous categorical nominal 

variable: peripheral blood or bone marrow 

- T cell depletion, analyzed as a dichotomous categorical nominal 

variable: T cell depletion or not. 

“T depletion” is defined as either an “ex vivo” (subjecting the graft to 

a process to eliminate T cells during the collection process of 

hematopoietic stem cells) or an “in vivo” (administering 

immunosuppressive medicines to the receptor) procedure which 

eliminates T lymphocytes to prevent GVHD. 
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Table 10. Summary of variables, its categories and its measurement 

 VARIABLE DESCRIPTION CATEGORIES MEASURED 

IN
D

EP
EN

D
EN

T
 

Donor’s CD200 genotype Dichotomous categorical 
nominal 

-“GG” 
-“GC or CC”  
donor’s rs1131199CD200 genotype 

Using the following equipment and materials on the 
samples provided by the biobank: 
-QIAamp DNA Blood Mini Kit (Qiagen, GmbH, Hilden, 
Germany) 
-Applied Biosystems™ QuantStudio™ 7 Flex Real-Time 
PCR System 
-TaqMan® SNP Genotyping Assays real time PCR  
 

D
EP

EN
D

EN
T

 

P
ri

m
a

ry
 

Overall survival (OS) Quantitative continuous  

Months, from biobank data 

Se
co

n
d

a
ry

 

Transplant-related 
mortality (TRM) 

Dichotomous categorical 
nominal 

-Transplant-related death 
-No transplant-related death 

Biobank data 

Acute GVHD Dichotomous categorical 
nominal 

-Having acute GVHD 
-Not having acute GVHD 

 
Biobank data, following clinical and histological criteria 

Disease-free survival 
(DFS) 

Quantitative continuous  
Months, from biobank data 

Diagnosed condition 
relapse 

Dichotomous categorical 
nominal 

-Relapsed 
-Not relapsed 
 

Biobank data, following clinical criteria 
 

C
O

-V
A

R
IA

B
LE

S 

Patient’s age Quantitative continuous  Years, from biobank data 

Patient’s sex Dichotomous categorical 
nominal 

-Male 
-Female 
 

Biobank data 

Sex mismatch Dichotomous categorical 
nominal 

-Sex mismatch 
-No sex mismatch 
 

Biobank data 

Diagnosed condition Dichotomous categorical 
nominal 

-Acute leukemia or myelodysplastic 
syndrome 
-Other diagnoses  

Biobank data, following clinical criteria 

Disease severity Dichotomous categorical 
ordinal 

-No advanced disease 
-Advanced disease 

 
Biobank data, following clinical criteria 

Induction therapy Dichotomous categorical 
nominal 

-TBI 
-Others 
 

Biobank data 

Conditioning regimen Dichotomous categorical 
nominal 

-Myeloablative 
-No myeloablative 

 
Biobank data 

HSC source Dichotomous categorical 
nominal 

-Peripheral blood 
-Bone marrow 

 
Biobank data 

T depletion Dichotomous categorical 
nominal 

-T depletion 
-No T depletion 

 
Biobank data 
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6.5. MEASURING METHODS AND DATA 

COLLECTION 

QIAamp DNA Blood Mini Kit (Qiagen, GmbH, Hilden, Germany) will be used following 

the manufacturer’s instructions to collect DNA from the 200 μl blood samples provided 

by the IDIBGI Biobank. The DNA will be preserved at -80°C until use.  

The rs1131199 polymorphism of the CD200 gene was chosen based on bibliographic 

research. To identify C or G rs1131199 polymorphism of CD200 gene, allelic 

discrimination plots will be performed using the Applied Biosystems 7500 Fast Real-Time 

PCR system with TaqMan real-time PCR primers and probes obtained as commercially 

available AB Assay-on-Demand reagents (Life Technologies, Carlsbad, CA). The Assay on 

Demand reagents includes both the necessary primers and fluorescently labeled 

TaqMan MGB probes (FAM and VIC) to amplify and detect the polymorphism. The PCR 

cycling conditions and interpretation of the results obtained will be performed according 

to the manufacturer’s instructions. See ANNEX 4 for deeper information about 

laboratory techniques. 

 

Participants’ identity will be protected by the creation of an anonymized data base 

(pseudo- anonymization process) correlating each participant’s sample and information 

provided by the biobank to a code number, eliminating this way all personal information 

allowing their identification. 

 

 

 

 

Figure 16. Sample collection representation 
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The statistical analysis will be conducted by the statistician using the SPSS Statistics 

30.0.0 and RStudio-4.4.2 softwares. A two-sided p value ≤ 0,05 was determined as 

statistically significant. 

7.1. DESCRIPTIVE ANALYSES 

Continuous quantitative variables (including overall survival, disease-free survival and 

patients’ age) will be expressed as a mean +/- standard deviations if they follow a 

normal distribution or as a median (interquartile range) if they do not.  

On the other hand, qualitative variables (including transplant-related mortality, acute 

GVHD diagnosis, diagnosed condition relapse, patients’ sex, sex mismatch, diagnosed 

condition, disease severity, induction therapy, conditioning regimen, HSC source and T 

depletion) will be summarized using frequencies and percentages. 

Regarding the independent variable (rs1131199 CD200 genotype), allele and genotype 

frequencies will be assigned by direct counting, without using estimations or indirect 

calculations. 

7.2. BIVARIATE ANALYSES 

Homogeneity among genotype groups will be assessed utilizing the T- Student test or 

ANOVA for OS and DFS, as they are continuous variables; and χ2 test for the qualitative 

variables TRM, acute GVHD diagnosis and diagnosed condition relapse. 

To analyze OS and DFS, the Kaplan-Meier technique will be applied, and the curves will 

be compared using the log-rank test. 

Variations in TRM, acute GVHD diagnosis and diagnosed condition relapse will be 

investigated with the use of Cumulative incidence estimates.  

Relapse analysis will exclude patients with pathologies considered non-malignant.  

7. STATISTICAL ANALYSIS 
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7.3. MULTIVARIATE ANALYSES 

To address possible confounding effects of co-variables, multivariate analyses will be 

performed including variables that showed significant differences in the bivariate 

analysis. 

Cox proportional hazard models will be carried out to do a multivariate analysis of 

overall survival and disease-free survival.  

Logistic regression models will be applied to analyze the correlation of donor’s 

rs1131199 CD200 genotype and co-variables with TRM, acute GVHD diagnosis and 

diagnosed condition relapse. 
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This study will be conducted in accordance with the Principles of Biomedical Ethics from 

Beauchamp and Childress (autonomy, beneficence, non-maleficence and justice) and 

following the ethical principles regarding research with human subjects defined by the 

World Medical Association in the Helsinki Declaration. Standards outlined in the Oviedo 

Convention, the Nuremberg Code and the Belmont Report will be compiled as well. 

The pertinent project will be submitted for approval by the Clinical Research Ethical 

Committee (CEIC) of Hospital Universitari Josep Trueta before commencement of the 

study. 

Donors and receptors (or their legal guardians) voluntarily signed the informed 

consents upon receiving the necessary information for both the HSCT procedure and 

the inclusion of their DNA samples to the biobank of the “Red Nacional de Biobancos”. 

See ANNEX 5 for further information about Biobank documents. 

Participants’ identity will be protected by the creation of an anonymized database 

(pseudo- anonymization process) correlating each participant’s sample and information 

provided by the biobank to a code number, eliminating this way all personal information 

allowing their identification. 

There are no conflicts of interest or financial ties to declare associated with this research. 

This study will be carried out following the ongoing Spanish and European legislation, 

which includes: 

o “Ley 14/2007”, “Real decreto 1716/2011” and “Real Decreto-ley 

9/2014”, regarding the use of biological samples. 

o “Real decreto 1090/2015”, regarding the use of sanitary products. 

o “Reglamento (UE) 2016/679 del Parlamento y del Consejo Europeo, de 

abril de 2016” and “Disposición Adicional 17.2 de la Ley Orgánica 3/2018 

de Protección de Datos Personales y Garantía de los Derechos Digitales 

(LOPD-GDD)”, regarding protection of personal data. 

o “Artículo 3 de la Ley 14/2007”, regarding ethical bases for observational 

studies. 

 

8. ETHICAL CONSIDERATIONS 
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9.1. LIMITATIONS 

• HSCT donors or patients who did not sign the informed consent for their blood 

samples to be preserved in the “Plataforma Red Nacional de Biobancos” and 

used in future research (or donors / patients who signed it but their DNA samples 

are not available) have not been included in this study. This might imply that the 

study sample is less representative of the general population. 

• Only HLA-identical sibling donors have been included in the study and not 

others, such as unrelated (which moreover is the most frequent donor type), 

haploidentical or UCB. This fact should be kept in mind when extrapolating our 

results.  

• Since diverse hospitals where the “Grupo Español de Trasplante 

Hematopoyético (GETH)” operates have been involved in all HSCT phases 

(including the collection of blood samples which are later submitted to the 

biobank that provides us the samples to analyze them); bias may have occurred 

regarding data collection or candidates’ selection (because there is no 

standardized consensus or guidelines for eligibility criteria, so the decision is 

taken by the transplant center). To prevent bias introduction, standardized 

procedures and instruments should be used whenever possible: for example, 

processing all the samples using laboratory instruments from the same 

manufacturer, such as the QIAamp DNA Blood Mini Kit (Qiagen, GmbH, Hilden, 

Germany).   

• Data collection for the selected population began many years ago and the study 

covers a broad range of years, so there may be advances and differences 

regarding the procedure (for example, changes in the conditioning regimens 

used, with different combinations of chemotherapy medications or 

chemotherapy combined with TBI; which this study only reflects as “Other 

regimens that are not TBI”, or changes in the profile of patient who can be 

eligible for transplantation).  

9. STUDY LIMITATIONS AND STRENGTHS   



                                                                                      Marina Carracedo Andrés 

54 
 

This could potentially have confounding effects in this study, for what further 

investigation of this novel research line is suggested in new studies to account 

the impact of different conditioning regimens in the response of patients with 

different CD200 polymorphisms to HSCT. 

• The study has been conducted at the Spanish level, where a predominantly 

Caucasian population with specific characteristics and exposure to specific 

environmental conditions prevails. Further investigation in other countries and 

among different ethnic groups is suggested to validate and extrapolate these 

findings. 

9.2. STRENGTHS  

• Since the study design is a retrospective cohort, there is no loss to patient 

follow-up and it entails a lower cost and a quicker analysis than carrying out a 

prospective study. 

• To address possible confounding effects, statistical multivariate analyses will be 

performed including co-variables, so the direct impact of the primary variable is 

isolated, minimizing this way bias and permitting a more accurate assessment of 

the causal relationship. 

• Since diverse hospitals where the “Grupo Español de Trasplante Hematopoyético 

(GETH)” operates have been included in the study, populations from different 

Spanish territories have been represented as well, which allows us to 

extrapolate the results at a national level. 

• It is the first study investigating the association between the donor’s CD200 

polymorphisms and the patient’s response after receiving a HSCT regardless of 

the underlying cause. 
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10.1. RESEARCH WORKFLOW 

o PHASE 0: STUDY DESIGN 

After an in-depth review of available literature and publications, the research 

project protocol will be drafted, including the design, hypotheses, objectives, 

population and methodology. 

No additional instruction will be needed for laboratory professionals, as they are 

IdiBGi members with experience in genotyping procedures. 

- Responsible: Principal investigator. 

- Duration: November 2024- January 2025. 

o PHASE 1: ETHICAL EVALUATION 

The study protocol will be presented to the Clinical Research Ethical Committee 

(CEIC) of Hospital Universitari Josep Trueta before commencement of the study. 

After evaluating the project, a detailed report specifying whether it is approved, 

denied or requires modifications. In case of modifications requirement, another 

protocol with the demanded adjustments will be presented to the CEIC. 

- Responsible: Principal investigator and CEIC workers. 

- Duration: February 2025- March 2025. 

o PHASE 2: BIOBANK APPLICATION 

The request for authorization to the biobank for access to samples and 

associated data will be drafted and presented, along with the required forms and 

documentation (including the study protocol and CEIC approval). Selection of the 

most suitable biobank from the “Red Nacional de Biobancos” is made, which, in 

this case, is determined to be the Biobank of the “Institut d’Investigació 

Biomèdica de Girona Dr. Josep Trueta (IDIBGI).” Upon evaluation of the request, 

if approved, the Material Transfer Agreement (MTA) will be signed, and the 

samples will be received. 

- Responsible: Principal investigator and Biobank workers. 

- Duration: April 2025- June 2025 

 

10. WORK PLAN 
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o PHASE 3: LABORATORY PROCESSING AND DATA COLLECTION 

Following its use protocols and manufacturer’s instructions, laboratory 

techniques were performed to extract DNA (using the QIAamp DNA Blood Mini 

Kit) and then genotype it (using Applied Biosystems™ QuantStudio™ 7 Flex Real-

Time PCR System and TaqMan® SNP Genotyping Assays real time PCR). 

- Responsible: Laboratory professionals. 

- Duration: First and second weeks of July 2025. 

o PHASE 4: STATISTICAL ANALYSIS  

Genotyped samples are included in an anonymized database correlating each 

participant’s sample and information provided by the biobank to a code number, 

maintaining participants’ privacy. Statistical analysis is performed as explained in 

its section above by the statistical. 

Discussion and conclusions of the results will be made in a meeting including the 

whole research team.  

- Responsible: Statistical analyst and research team. 

- Duration: Third and fourth weeks of July 2025. 

o PHASE 5: RESULTS PUBLICATION, AND REPORT AND SAMPLES SUBMISSION 

TO THE BIOBANK 

The study findings will be assembled -with an English editor’s help- into a 

manuscript (including introduction, methodology, results, discussion…) and 

submitted to Open Access hematology journals. After selecting and registering 

with the journal, the manuscript will be reviewed, and any required revisions will 

be made. Once the study is accepted and the applicable publication fee is paid, 

it will be published. 

The manuscript and the remaining samples will be sent back to IDIBGI. 

- Responsible: Principal investigator and English Editor. 

- Duration: August 2025 – October 2025. 
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10.2. CHRONOGRAM 

    

Figure 17. Chronogram of the study. 
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10.3. ESTIMATED BUDGET  

The development of this study will entail this estimated budget: 

• PERSONNEL COSTS: 

o Statistician      3.000€ 

o English editor     800€ 

• MATERIAL COSTS: 

o Laboratory plasticware    6.000€ 

o DNA extraction kits    5.000€ 

o Real-time PCR reactive    20.000€ 

o Allelic discrimination assays   20.000€ 

• SERVICES COSTS: 

o Sample delivery service    25.000€ 

o Publication fees     3.000€ 

TOTAL ESTIMATED BUDGET:     82.800€ 

10.4. WORK TEAM: 

This study will be carried out by several professionals: 

• One principal investigator, who leads the study throughout all its phases. His 

responsibilities include study design, resource management, work team 

coordination, results graft and contact with the CEIC, the Biobank and the Open 

Access hematology journal. 

• Three IdIBGi experienced research technicians, who are responsible for 

preparing the samples received from the Biobank, processing them, and 

conducting DNA genotyping 

• One statistician, who will perform the statistical analysis. 

• One English editor, who will translate the study findings manuscript before its 

submission to the Open Access hematology journal. 
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11. FEASIBILITY  

Work team: Regarding the research team, the principal investigator is a hematologist 

with expertise knowledge regarding hematopoietic stem cell transplantation and its 

complications (including acute GVHD), and regarding immune checkpoint inhibitor 

molecules, such as the CD200. Research technicians are IdiBGi members with experience 

in genotyping procedures. Therefore, no additional pre-study instruction will be needed. 

To guarantee data quality, an English editor and a statistician will be hired. 

Resources and infrastructure: This study will leverage the well-equipped IdIBGi 

laboratory, which has the necessary facilities for DNA extraction, genotyping and 

statistical analysis. Additional instruments and standardized kits (such as laboratory 

plasticware, DNA extraction kits or Real-time PCR reactive) will be acquired to carry out 

analysis of genetic polymorphisms. Access to computational tools and bioinformatics 

software has also been guaranteed for the genetic and statistical analyses required. 

IdIBGi bears personnel expenses, except for the English editor and the statistician. The 

study cost is primarily associated with laboratory materials and services (such as 

publication fees and the sample delivery service). The only extra team members who 

will be hired are the English editor and the statistician. 

Budget and chronogram: The research budget is designed to be realistic and attainable. 

By effectively managing expenses such as data handling, statistical analysis and having 

members with big expertise in the field to avoid their pre-study training costs, the study 

will ensure the optimal use of financial resources. As the samples have already been 

extracted and will be obtained from a pre-existing biobank, and as the work team is 

greatly experienced, the estimated time for the study to be completed is 12 months. 

Sample availability. Since this study has a retrospective cohort design, no drop out is 

expected and participants will not go through any further procedures for this study, nor 

will they actively participate, as information is obtained from DNA samples and 

information provided by the IdIBGi biobank of the “Plataforma Red Nacional de 

Biobancos”.  
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Ethical Considerations. This study adheres to all the ethical principles and to the Spanish 

and European legislation. Informed consent was voluntarily signed for the 

transplantation procedure and the posterior storage of all biobank samples, and no new 

patient recruitment is necessary. Data will go through a pseudo-anonymization process 

to ensure participants’ identity is protected.  The study will be developed after the CEIC 

of Hospital Universitari Josep Trueta and the IdIBGi biobank approval. 

To conclude, based on the information provided, we are confident on the feasibility of 

this study, which furthermore fulfills the fundamental requirements for its successful 

application and is expected to deliver benefits that surpass any potential complications.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                      Marina Carracedo Andrés 

61 
 

Hematopoietic stem cell transplantation has increased significantly during the last 

decades as hematological and non-hematological diseases treatment. In addition, it is 

the preferred potentially curative therapy for many of them.  

Hence, discovering genetic markers (in this case, the CD200 glycoprotein, which as 

explained, is involved in immunosuppression) capable of predicting patients’ response 

post-stem cell transplantation is crucial to anticipate complications and to individually 

tailor the therapy to improve clinical outcomes, reducing complication rates and 

improving survival rates.  

Personalizing the treatment each patient receives as much as possible in order to 

maximize results include improving the selection of donors and stem cell sources, 

optimizing the use of immunosuppressive treatments post-HSCT or choosing the best 

conditioning option pre-HSCT. 

These advances could be translated into a longer survival, less relapse rates and less 

complications development - for example, infections, graft failure, toxicities or GVHD-, 

which would suppose a better life quality and less physical and psychological impact. 
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14.1. ANNEX 1: ACUTE GRAFT-VERSUS-HOST 

DISEASE STAGES 

Table 11. Acute graft-versus-host disease stages (15) 
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14.2. ANNEX 2: SUGGESTED PRE-

HEMATOPOIETIC STEM CELL TRANSPLANTATION 

EVALUATION FOR ELIGIBILITY ASSESSMENT 

Table 12. Suggested pretransplant evaluation for eligibility assessment. Extracted from (26) 

Clinical evaluation 
       - History and physical examination 
(medical, infectious, transfusion, sexual and 
mental history and review of concomitant 
medications) 
       - Assessment of functional status (KPS, 
ECOG, performance score, Lansky score…) 
       - Hematopoietic cell transplantation- 
comorbidity index/fragility score  

Laboratory evaluation 
        - Confirmation of histologic diagnosis 
(pathology review at the transplant center). 
        - Disease remission status (including 
biopsies with cytogenetics/molecular panel, 
imaging studies…) 
        - Human leukocyte antigen typing 
        - Donor specific antibody screen (when 
indicated) 
        - Donor search (identifying suitable 
donor and graft type) 
         - ABO typing and antibody screen 
         - Complete blood count with 
differential / complete metabolic profile 

End-organ assessments 
         - Left ventricular ejection fraction (2-
dimensional echocardiography or MUGA 
scan)/ electrocardiogram. 
        - Chest radiograph/ CT scan (when 
indicated) / pulmonary function testing 
        - Pregnancy test (female patients) 
        - Lumbar punction (high-risk patients 
and those with history of central nervous 
system involvement) 
        - Viral serologies (CMV, herpes simplex, 
VEB, varicella, HIV, hepatitis B/C, human T-
lymphotropic virus I/II) 
        - Other infectious serologies (for 
example, toxoplasma screen, rapid plasma 
regain test (syphilis), QuantiFERON test 

Consultative services 
        - Nutritional assessment and dietary 
consult (if indicated) 
        - Dental evaluation 
        - Psychosocial and supportive care 
valuation 
        - Caregiver (availability of reliable 
caregivers is necessary for minimum of 90-
100 days posttransplant) 
        - Temporary housing arrangements 
(usually within 30-60 minutes from the 
transplant center) 
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14.3. ANNEX 3: GETH CENTERS PARTICIPATING 

Table 13. GETH centers participating in the study 

H. Universitario La Princesa 
(Madrid) 

H. Universitario Regional de 
Málaga (Málaga) 

H. Universitario Son Dureta (Palma) 

H. de la Santa Creu i Sant Pau 
(Barcelona) 

H. Clínico Universitario de Valencia 
(Valencia) 

H. Clínico Universitario Virgen de la 
Arrixaca (Murcia) 

H. General Universitario Morales 
Meseguer (Murcia) 

H. Universitario y Politécnico La Fe 
(Valencia) 

H. Universitario 12 de Octubre 
(Madrid) 

H. Universitario Reina Sofía 
(Córdoba) 

H. Universitario Virgen del Rocío 
(Sevilla) 

H. Universitario Puerta de Hierro 
Majadahonda (Majadahonda, 
Madrid) 

H. Clínic de Barcelona (Barcelona) Institut Català d’Oncología – H. 
Germans Trias i Pujol (Badalona, 
Barcelona) 

H. Nuestra Señora de Aranzazu 
(San Sebastián) 

H. Universitario Central de Asturias 
(Oviedo) 

H. Universitari Vall d’Hebrón 
(Barcelona) 

H. Universitario La Paz (Madrid) 

H. General Universitario Gregorio 
Marañón (Madrid) 

H. Universitario Ramón y Cajal 
(Madrid) 

H. Clínico Universitario de Santiago 
(Santiago de Compostela) 

H. Universitario de Salamanca 
(Salamanca) 

H. Universitario Marqués de 
Valdecilla (Santander) 

Clínica Universidad de Navarra 
(Pamplona) 

Institut Català d’Oncología – H. 
Duran i Reynals (L’Hospitalet de 
Llobregat, Barcelona) 

H. Universitario de Gran Canaria 
Doctor Negrín (Las Palmas) 
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14.4. ANNEX 4: DNA EXTRACTION (QIAamp DNA 

Blood Mini Kits) 

DNA extraction protocol using QIAamp DNA Blood Mini Kits follows these steps: 

• Ensure a proper temperature: bring the samples to room temperature (15 

25ºC) and the heating block to 56ºC. 

• Introduce 20 μL of proteinase into the microcentrifuge tube. 

• Introduce 200 μL of blood sample. 

• Introduce 200 μL of Buffer AL. 

• Vortex for 15 seconds. 

• Incubate at 56ºC for 10 minutes. 

• Centrifuge the tube in a brief manner. 

• Introduce 200 μL of ethanol (96-100%) 

• Vortex for 15 seconds. 

• Transfer the tube content to the QIAamp Mini spin column 

• Centrifuge at 8000 rpm for 1 minute. 

• Place the column into a new tube. 

• Introduce 500 μL of Buffer AW1. 

• Centrifuge at 8000 rpm for 1 minute. 

• Place the column into a new tube. 

• Introduce 500 μL of Buffer AW2. 

• Centrifuge at 14000 rpm (the maximum speed) for 3 minutes. 

• Place the column into a new tube. 

• Centrifuge at 14000 rpm (the maximum speed) for 1 minute. 

• Place the column into a new tube. 

• Introduce 200 μL of Buffer AE or distilled water. 

• Incubate at room temperature for 1 minute. 

• Centrifuge at 8000 rpm for 1 minute. 

• Dispose of the spin column and keep the eluate by transferring it to another 

tube (45). 
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14.5. ANNEX 5: INFORMATION SHEET AND 

INFORMED CONSENT 
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