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Abstract: 

Male recipients of female Hematopoietic Cell Transplants (F→M HCT), compared to all 

other donor/recipient combinations observe the highest risk of both acute and chronic 

Graft Versus Host Disease (GVHD), but also demonstrate significantly decreased risk of 

relapse due to Graft Versus Leukemia (GVL) effect.  This is due to donor T- and B-cell 

targeting of male-specific minor Histocompatibility Antigens (mHAgs).  Clinical studies 

and murine models suggest that the protein product of the SMCY (KDM5D) gene is a 

major T-cell target for H-Y (Y-chromosome histocompatibility antigen) specific 

responses.  Previous research has demonstrated the relevance and clinical significance of 

antibody to H-Y antigen
1,2

; however, antibody to SMCY has not been previously 

characterized.  This study demonstrates the presence antibody reactive to SMCY, SMCX, 

peptide fragments from the protein product of DBY, and antibody reactive to a panel of 

recombinant H-Y antigens and X-chromosome homologs, in the blood of HCT patients 

and healthy donors.  Significant differences in the frequency of reactivity with individual 

peptides were observed among sample groups, with a high frequency of responses to 

peptides corresponding to a region within the interval KDM5D281-375.  This region 

contains the FIDSYICQV sequence, an epitope recognized by CD8
+
 HLA-A*0201-

restricted T cells frequently isolated in the blood of F→M HCT patients.  Frequent 

responses against recombinant proteins UTY, and SMCY-f, the only fraction of SMCY 

currently purified, were also observed in healthy donors and F→M HCT patients.  Our 

results indicate that antibody to SMCY is frequently observed in the blood of HCT 

patients and healthy donors compared to other H-Y antigens, which suggests that SMCY 

is a clinically relevant target for antibody in HCT. 
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The Bone Marrow Transplant 

 The bone marrow transplant, also known as the Hematopoietic Stem Cell 

Transplant (HSCT), is a procedure that replaces the blood forming stem cells of a patient 

with those of a donor.  This was a procedure pioneered during the 1950s-1970s by a team 

of researchers led by Dr. Edward Donnall Thomas at the Fred Hutchinson Cancer 

Research Center.  The HSCT reconstitutes the entire hematopoeitic (blood forming) 

system of a patient, including both the red (myeloid) and white (lymphoid) cell lineages. 

Because this procedure replaces a malignant hematopoietic system with a healthy one, it 

is highly effective at treating patients with a variety of hematopoietic malignancies such 

as multiple myelomas, leukemias, lymphomas, severe immunodeficiency or congenital 

neutropenia,
3
 and sickle-cell disease.

4
 Although the basic premise is the same, there are 

three main forms of bone marrow transplant: the autologous bone marrow transplant, the 

allogeneic bone marrow transplant, and the umbilical cord blood transplant.   

The first procedure, the autologous transplant, uses a patient’s own blood forming 

stem cells.  The cells are removed before the onset of disease or chemotherapy.  This 

procedure is often called a “rescue” transplant, because it uses a patient’s own healthy 

cells to reconstitute the blood forming system after the destruction and mutagenesis of 

chemotherapy.
5
 The benefits of this type of transplant are that the recovery of the 

immune system within the patient is much faster than with an allogeneic transplant, and 

there is no risk of developing Graft-Versus Host Disease (GVHD) because the immune 

system comes from the patient.  Interestingly, the autologous transplant is being 

considered as a possible treatment for type 1 (insulin dependent) diabetes,
6
 and early 

results have been promising.  
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The second procedure, the allogeneic transplant, engrafts stem cells from a donor 

who is genetically matched to the patient for genes in the human leukocyte antigen 

(HLA) super-locus. Matching is necessary because the HLA genes govern the 

interactions between the immune system and all other cells.   If this interaction is 

dysfunctional, the result may be Graft Versus Host Disease (GVHD), where the engrafted 

immune system of the donor attacks the healthy cells of the host.  Graft Versus Host 

Disease is the primary cause of morbidity and mortality in HSCT patients, but by 

genetically matching patients and donors physicians reduce the risk of developing both 

acute GVHD (aGVHD) and chronic GVHD (cGVHD).
7
  

The third procedure, the umbilical cord blood transplant, uses blood from an 

infant’s umbilical cord in the transplant.  This blood contains high levels of immune 

progenitor cells and blood forming stem cells, certain types of which proliferate on the 

order of 100 times faster than normal hematopoietic stem cells. This suggests that these 

young cells may be more viable and more likely to engraft in the transplant setting.  

Another benefit of the cord blood transplant is that if embraced by the medical 

community, it would greatly reduce the search for HLA matched donors, as blood may be 

stored from individuals at birth.  However, the chief limitation facing UCBT (umbilical 

cord blood transplant) is the low number of total nucleated cells.  There are simply not as 

many cells generated from UCBT as can be drawn from bone marrow, and several 

studies have shown the devastating impact of low cell dose upon engraftment, TRM 

(transplant-related mortality), and survival, especially in larger children and adults. 

For the purposes of my research, I was primarily concerned with allogeneic cell 

transplants.  In this procedure, stem cells may be extracted from the donor in two ways.  
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The first is direct extraction from the bone marrow.  This is done from a large bone such 

as the pelvis with a needle or drill under anesthesia.  The second, and more common 

procedure is done via a process called apheresis.  Peripheral blood stem cells and white 

blood cells are removed from the general red blood cells by a machine and stored while 

the red blood cells are returned to the donor’s body. 

 

Molecular Characteristics of HCT (Hematopoietic cell transplant) 

 The HSCT replaces the entirety of the blood forming system of a patient with that 

of a donor. This reconstitutes the entire immune system of a patient.  For the most part, a 

patient and donor share the same immune system, however, it is likely that they differ in 

certain alleles.  The most important of these in the HCT (Hematopoietic Cell Transplant) 

setting are found in the Human Leukocyte Antigen (HLA) super locus.  This locus 

encodes a large number of genes related to the immune system, but perhaps most 

importantly it contains the genes encoding the Major Histocompatibility Complex (MHC). 

 The purpose of the immune system is to recognize and distinguish “foreign” 

objects from “self” and act accordingly.  There are two arms of this system: the adaptive 

immune system, and the innate immune system.  The innate immune system is the first 

line of defense and is non-specific, while the adaptive immune system is composed 

primarily of the actions of T- and B-cells and is a targeted defense against “foreign” 

bodies.  In order for T- and B-cells to attack and destroy “foreigners” they must have a 

way of recognizing foreign bodies.  This is done via the MHC complex and the T- and B- 

cell receptors. 

 The MHC complex is a multimeric cell surface molecule encoded by a large 
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family of genes.  In humans there are three classes of MHC.  Classes I and II are specific 

to the action of the adaptive immune system, while class III is primarily concerned with 

physiological roles such as the function of the complement system and heat shock 

proteins.  Class I and II MHC complexes function by presenting peptide fragments to the 

immune system.  

   

 The MHC class I complex presents peptide fragments derived from intracellular 

degradation to CD8+ cytotoxic lymphocytes also known as “killer” T-cells.  As 

illustrated in the left panel of Figure 1, the type I MHC is composed of three alpha 

domains (α1, α2, α3) and one β2-microglobulin domain.  These domains are encoded by 

3 major and 3 minor MHC class I genes.  The major genes are HLA-A, HLA-B, and 

HLA-C, while the minor genes are HLA-E, HLA-F, and HLA-G.  The major genes are 

highly polymorphic within the population; thus a heterozygous individual generally 

carries six different MHC class I alleles for the major genes between their two 

chromosomes.  The individual subunits of the MHC come together to create a peptide 

binding cleft that binds a peptide fragment generated from intracellular degradation 

pathways. 

 As illustrated in the right panel of Figure 1, the MHC class II complex is slightly 

Figure 1:  The MHC 

Class 1 and MHC Class 

II complexes.  Janeway’s 

Immunobiology, 6
th

 

edition, 135-136. 
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different.  It is involved in presenting extracellular peptide fragments to CD4+ “helper” 

T-cells and is composed of α1 and α2 domains, and β1 and β2 domains.  These domains 

are encoded by three pairs of α and β chains: HLA-DP (HLA-DPA1, and HLA-DPB1), 

HLA-DQ (HLA-DQA1, and HLA-DQB1), and HLA-DR (HLA-DRA), as well as four β-

chains (however only three are possible per person–HLA-DRB1, DRB3, DRB4, DRB5).  

Similar to MHC class I genes, the class II genes are highly polymorphic.
8
 

 The function of multiple MHC subunits and allele polymorphism is to allow the 

immune system to react to an enormous number of antigens and to promote variation 

within the population so that at least some individuals will be able to fight off a given 

disease.  Molecularly, these functions are realized by differences in amino acid 

composition in the “binding groove” of different MHC alleles.  The “binding groove” is 

the part of the MHC that associates with a peptide and presents it extracellularly to the 

immune system. Amino acid polymorphisms result in different peptide preferences 

between MHC alleles.
9,10

  During infection, the MHC may bind and display viral or 

bacterial mHAgs, and as different pathogens result in the presentation of different 

peptides, it has been evolutionarily important to have many HLA alleles within a 

population. However, this poses a unique problem in the case of HCT. 

 Differences in HLA alleles between donor and patient are highly immunogenic 

(generating a strong immune response), and the number of mismatched genes correlates 

with an increased hazard ratio and incidence of acute and chronic Graft Versus Host 

disease (aGVHD and cGVHD).
7
 Generally, donors are matched at 10 HLA alleles, 

however, what can’t be matched are the thousands of amino acid polymorphisms present 

in the genomes of the donor and patient outside the HLA loci.   
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Figure 2:  This figure illustrates the development of an MHC class I 

receptor.  Note that differences in donor and recipient proteins give 

rise to different mHAgs.  Janeway’s Immunobiology 6th ed, 626. 

 As illustrated in Figure 2, these polymorphisms may be presented to a donor 

immune system via the MHC complex.  Peptides presented in this way are called minor 

Histocompatibility Antigens (mHAgs).  T-cells that interact with the presented MHC 

mHAg together may become activated to attack cells displaying this antigen resulting in 

graft-versus host activity.  In this way mHAgs are the primary mediators of Graft Versus 

Host Disease (GVHD) in HLA matched transplant.
11,12

 

   

Graft Versus Host Disease 

 Graft Versus Host Disease is the primary cause of morbidity and mortality in 

HCT transplant. There are two phases of GVHD, acute and chronic GVHD.  Acute 

GVHD is defined as disease occurring within the first 100 days of onset and varies from 

mild to life threatening.
13

 Chronic GVHD, on the other hand, is a more late stage disease, 

traditionally described as presenting beyond the first three months with a median duration 

for treatment with immunosuppressive therapy of 2 years. However, 10% of patients 

surviving at least 7 years remain on systemic immunosuppression to control their 
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cGVHD.
14

 While aGVHD and cGVHD are related, their respective hazard ratios show 

significant decoupling, which suggests that cGVHD is not simply late stage aGVHD.
15

 

Moreover, while some manifestation of aGVHD develops in nearly all HSCT patients, 

cGVHD develops only in a subset.  As nearly all patients are HLA matched to a similar 

degree, why do some people develop cGVHD while others do not? 

 The answer is likely in the genetic differences between individuals that reside 

outside the HLA locus.  These immunogenic DNA polymorphisms are displayed via the 

MHC to the immune system (Figure 2) and may be recognized by donor T-cells who 

have not be selected against this “self” peptide.  If the conditions are right, the 

recognition of such a non-“self” peptide will result in activation of the T-cell, resulting in 

widespread attack of cells displaying the mHAg.  This process is the primary cause of 

cGVHD.  However, what happens if the cell displaying the mHAg is a leukemic or 

cancerous cell line?  In this case the immune system becomes engaged in destroying a 

patient’s cancer, an effect known as Graft-Versus-Leukemia (GVL), or Graft-Versus-

Tumor (GVT).  As each MHC allele may only bind certain peptides for presentation to 

the immune system, better understanding which MHC alleles can bind which peptides 

antigens and which peptides are immunogenic, will shed light on the pathology of GVHD 

and present avenues for clinical treatment. 

 

Graft-Versus Leukemia Effect 

 While donor immune cell targeting of host mHAgs leads to GVHD, it also results 

in Graft Versus Leukemia/Lymphoma effect (GVL), also known as Graft Versus Tumor 

(GVT) effect.  GVL occurs in a similar manner as GVHD, except instead of T- and B-
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cells targeting healthy host cells, the immune system is engaged in destroying the 

patient’s cancer.
16,17

   

 Extensive research has described the clinical efficacy of GVL and targeted T-cell 

therapies.
18,19,20

  For example, previous work in our lab at the Fred Hutchinson Cancer 

Research Center documents the presence of T-cells specific for DDX3Y (DBY), a protein 

encoded on the Y-chromosome and present in all myeloid and lymphoid leukemic cells 

with an intact Y-chromosome.  The DDX3Y encoded epitope is also present on the 

surface of healthy cells, but it was found to be over-expressed in leukemic stem cells.  

These results suggest that a T-cell response against DDX3Y would result in T-cells 

attacking healthy cells as well as cancerous ones contributing to both GVH and GVL 

effects.  Considering this representative example, it appears the GVH and GVL are two 

sides of the same coin.  GVH is caused by donor immune cells targeting the healthy host 

cells, while GVL is caused by T-cells targeting cancerous cells.  Better understanding of 

the balance between GVL and GVH and the antigens that shift immune balance, may 

lead to better therapies for treating hematological malignancies that require HCT. 

So far my discussion has primarily concerned T-cells, which seem to be the 

primary mediators of both GVL and GVH.  But recent evidence has shown B-cells to be 

highly important as well.  A 2012 study in a murine (mouse) model of GVHD concludes 

that cGVHD is caused in part by alloantibody secretion, and that targeting B-cells could 

be a potential avenue for cGVHD prevention and therapy.  Also, a study in 2011 showed 

that B-cell activating factor (BAFF) and a proliferating-inducing ligand (APRIL) 

correlate with grade of aGVHD suggesting that B-cells show clinical significance in 

aGVHD.  BAFF has also been shown to be elevated in active cGVHD.
21

  These studies, 
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along with the demonstrated clinical efficacy of Rituximab – a monoclonal antibody 

specific for CD20 (a B-cell specific cell surface molecule) – suggest that B-cells play a 

significant role in the morbidity of GVHD.
22,23

 

While T-cells are activated to self-antigen based on the interactions of the MHC 

complex with their T-cell receptors, B-cells are activated in a slightly different manner. 

 

Figure 3:  Autoreactive B-cell activation is caused by the cell binding antigen and 

being co-stimulated by a T-cell specific for self-peptide. This causes differentiation 

into antibody secreting plasma cells which create a GVH response.  Janeway’s 

Immunobiology 7
th

 ed.   

The process of B-cell activation against self antigens is shown in Figure 3.  Like T-cells, 

B-cells are only specific to a small range of epitopes.  If a circulating B-cell binds a 

cognate epitope and also receives activating signals it will differentiate into a plasma cell 

that produces antibody to the cognate antigen.  During development B-cells that bind 

self-antigens are destroyed, however, the method of negative selection is primarily 

concerned with cell-surface proteins.  But during T-cell mediated GVH, intracellular self 

antigen is released and B-cells may bind and become activated to these self antigens by 

interacting with a T-cell that is also specific for self peptide.  Considering these rules of 

engagement, it seems that autoreactive B-cell activation will only alongside an 

autoreactive T-cell response.  In 2011 Zorn et al. showed precisely this as they 

documented the development of a coordinated T- and B- cell response to DBY (a gene on 
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the Y-chromosome) antigen in the blood of a Female to Male transplant patient.
24

  

 

The Female To Male HSCT Setting 

  The female to male transplant setting (F→M) provides a unique opportunity to 

study the effects of both B- and T-cells on GVL and GVHD as well as their clinical 

significance.  In this setting a female immune system is placed within a male body.  

Immediately notable is the unavoidable amount of genetic disparity between the donor 

and the patient due to the difference between the X- and Y-chromosomes.  Considering 

the rules of immune interaction previously described we would expect to see higher 

incidence of T- and B-cell targeting of host cells in this setting due to a greater number of 

mHAgs.  This is exactly what is observed.  In the F→M HSCT setting both T- and B-

cells contribute to GVL and GVH (Graft Versus Host) activity.  Approximately one third 

of the mHAgs identified to date are encoded by Y-chromosome genes, and there is a 

significant increased incidence of both aGVHD and cGVHD as well as longer duration of 

treatment for cGVHD in patients of F→M HCT.
14,25

 Furthermore, the increased risk of 

cGVHD after F→M HSCT is observed in both nulliparous and parous (have been 

pregnant ≥ 1 times) female donors, but interestingly the use of parous female donors 

result in an increased risk of cGVHD for all patients.
26

 The net conclusion is that any 

male patient with a female donor is at significantly increased risk of developing cGVHD.  

However, there is a bright side.  Male recipients of female HCT have the lowest cancer 

relapse rates of any donor/recipient gender combination.
25

 Thus in the F→M HCT 

transplant setting we observe an increased risk of developing cGVHD, but a lower risk 

cancer relapse due to the unavoidable genetic disparity between donor and patient. 
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 In fact, F→M HCT is a subset of the famous H-Y antigen setting.  Historically, an 

H-Y antigen has been defined as a male histocompatibility antigen that causes rejection 

of male skin grafts by female recipients of the same inbred strain of rodents.
27

  As the 

rodents are inbred, their genomes are identical except for differences between the X- and 

Y-chromosomes.  Thus the rejection of a graft is entirely dependent upon the female 

immune system targeting cells that display Y-chromosome antigen.  Interestingly mice 

can be selectively tolerized to certain Y-chromosome antigens via intranasal 

administration of peptide or protein, and this immune tolerization can prevent graft 

rejection.
28

 This is an immensely significant result because it means that the complex 

phenotype and highly diverse effects GVH activity may be entirely manipulated by a few 

key genes in mice, and possibly in humans as well. 

 There are 78 genes on the Y-chromosome.  However, many of these genes exist in 

the ampliconic region,
29

 which contains sequences of repetitive DNA that encode gene 

products only detected in the testes and thus are irrelevant to GVL and GVH (the testis 

are an immune sanctuary).  The search for H-Y mHAgs can be further restricted by 

considering only those genes that have X-chromosome homologues that escape X-

inactivation, share sufficient sequence identity between the X- and Y-encoded protein 

products, and are expressed both in and broadly outside the testis.  So far, the major 

players shown to encode T-cell restricted mHAgs and possible B-cell binding epitopes 

are illustrated below (Figure 4). 



 17 

 

Figure 4: This image illustrates known H-Y antigens and the most likely candidates for B-cell antibody epitopes.  

Image courtesy of M.D. PhD. Takakazu Kawase at the Fred Hutchinson Cancer Research Center 

 Perhaps most notable among these illustrated antigens are SMCY (KDM5C, 

JARID1D), UTY (UTY2), and DDX3Y (DBY), which have been shown to mediate 

rejection of syngeneic male skin and hematopoietic cell grafts in mice.
30,28

 In a 2004 

study, “Transplantation tolerance induced by intranasal administration of HY peptides,” 

Chai et al. showed that intranasal delivery of DDX3Y (DBY) peptide could tolerize 

female mice to male skin grafts (tolerizing them to H-Y antigen).   They also found that 

tolerization could be achieved with UTY peptide pulsed dendritic cells, and that peptide 

presented alongside LPS (lipopolysaccharide–a bacterial marker) increased the rate of 

graft rejection.  While these results are from mice, not humans, they demonstrate several 

interesting points:  the H-Y response mediates graft rejection or tolerization in syngeneic 

mice, the H-Y response may center around just three genes: SMCY, UTY, and DDX3Y 

(DBY), and graft rejection or tolerance can be regulated via the H-Y system.  While the 

immune system of mice is different from humans, these results suggest that similar 

effects might be achieved in humans and by manipulation of the H-Y immune response to 

a few H-Y antigens we may be able to modify the course of GVL and GVHD in F→M 

HCT patients. 

 The first step is finding which H-Y antigens are the most involved in GVH and 
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GVL immune response in humans.  This requires finding the most prevalent and 

clinically significant mHAgs derived from H-Y antigens.  In order to define a novel 

mHAg researchers must isolate a T-cell specific for that peptide from the blood of a 

patient and grow a line of cells that reproducibly bind the mHAg.  As mHAgs are on the 

order of 8-10 residues for MHC class I molecules (the MHC class I has a closed peptide 

binding groove as opposed to the open groove of MHC class II) and on the order of 18-20 

residues for MHC class II molecules, searching for mHAgs is very much akin to looking 

for needles in a haystack.
31

   In order to speed the discovery of mHAgs the Ritz lab at 

Fred Hutchinson Cancer Research center developed a predictive algorithm based on 

genetic disparity between X and Y encoded proteins and known binding requirements of 

HLA A*0201 restricted peptides.  The predicted peptides were ranked based on predicted 

immunogenicity and the T-cell responses against a panel of 41 candidate peptides in 28 

F→M HCTs, 22 M→M HCTs, and 26 normal individuals (all HLA A*0201 positive) 

were evaluated.  Significantly greater T-cell responses in F→M patients compared with 

M→M and normal patients were observed in 13 peptides from five proteins.
32

 These 

results demonstrate that novel H-Y mHAgs after F→M HSCT can be predicted for 

specific HLA types.  The significance of this result is that clinically relevant T-cell 

targets of GVL and GVH may be identified based on predictive algorithms.  Eventually, 

programs such as this may be incorporated into donor screening for HSCT and may be 

able to predict the development of GVL and GVH as well as the most immunogenic H-Y 

antigens. 
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The B-cells 

 As discussed previously, GVH and GVL are functions of both T- and B-cells and 

the interactions of these immune cells are interrelated.  Most of the research to date 

focuses on the characterization of the T-cell response; however, in 2004 and 2005 Dr. 

Miklos et al. published two seminal papers demonstrating the relevance of studying the 

B-cell response. 

 In 2004 Dr. Miklos et al. published “Antibody response to DBY minor 

histocompatibility antigen is induced after allogeneic stem cell transplantation and in 

healthy female donors.”
1
 This study used western blot and protein ELISA to examine the 

presence of IgG antibodies specific for recombinant and peptide fragments of DBY 

(DDX3Y) in the blood serum of patients after HSCT in a cohort of 150 transplant 

patients and 65 healthy blood donors.  The study found that 50% of F→M HSCT patients 

exhibited significant antibody to DBY.  This is especially interesting considering that 

only 5% M→M, 11% F→F, and 17% M→F HSCTs exhibited significant antibody to 

DBY.  It was also determined that antibodies develop 4-8 months post transplant and 

persists at high levels for at least several years, that 76.7% (23 of 30) F→M HSCT 

patients who exhibited antibody to recombinant DBY also tested positive for antibody 

against at least one peptide, and that the antibodies were highly specific for DBY as 

apposed to DBX (the X-chromosome homologue).  Also of note is that some female 

patients and healthy female donors exhibited DBY antibody suggesting the possibility of 

alternate exposure, perhaps through pregnancy.
33

 Finally, they found that the single HLA 

DQB5-restricted DBY T-cell epitope did not correlate with serologic antibody. 

 Following up on this work, in 2005 Miklos published “Antibody responses to H-Y 
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minor histocompatibility antigens correlate with chronic graft-versus-host disease and 

disease remission.”
2
 This study investigated whether patients develop B-cell responses to 

a defined panel of mHAgs and whether antibody responses contribute to GVHD or GVL 

after allogeneic HSCT.  The authors focus on a subset of the Y-chromosome genes 

illustrated in Figure 4: DBY (DDX3Y), UTY, ZFY, RPS4Y, and EIF1AY and found 

significant antibody to at least one H-Y protein present in 39 of 75 (52%) F→M HSCT 

patients, 4 of 48 (8.7%) M→M patients, 5 of 64 (7.8%) healthy males, and 29 of 70 

(41%) of healthy females. 

 Most interesting from these statistics is that antibody to ≥ 1 H-Y protein was 

found in 52% of F→M HSCT patients, a much larger percentage than any other sample 

set.  This result agrees with the findings of their previous study of just DBY.  The authors 

also found that DBY was the most immunogenic protein antigen, followed by UTY, ZFY, 

RPS4Y, and EIF1AY.  But the most significant results are that the probability of 

developing cGVHD if a patient is positive for ≥1 H-Y antigen is 87% at 66 months post 

transplant, while the probability of developing cGVHD if H-Y negative is 31%, and 

amazingly the risk of cancer relapse in patients with ≥1 H-Y antibody 66 months post 

transplant is 0%.  Together these data demonstrate a positive correlation between the 

presence of IgG antibody to H-Y antigen and GVHD, and a negative correlation between 

the presence of IgG antibody to H-Y antigen and cancer relapse.  Thus Miklos et al. 

showed the significance of antibody in GVH and GVL effects, and studying the 

development of antibody is clinically significant in the HSCT setting.  Whether or not 

antibody is directly involved GVL or GVH or simply a proxy for the T-cell response has 

yet to be determined.  These studies by Miklos et al. form the basis for my research. 
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Our Research 

 The overarching hypothesis guiding the research I was involved with is: 

coordinated T and B-cell responses contribute to GVL and GVH activities in HSCT 

patients.  This research has two main paths, T-cell monitoring using tetramer analysis 

(flow cytometry) to define CD8+ and CD4+ specificity to H-Y antigen, and analysis of 

antibody development to H-Y antigen in HSCT patients.  I was primarily concerned with 

the latter.   

 Studying antibody to H-Y antigens is important to understanding the molecular 

characterization of GVL and GVH, but is also important for several other reasons.  

Because the method of antibody observation is protein ELISA, this procedure is much 

cheaper and faster than searching for T-cell mHAgs.  It also is potentially less affected by 

the major immunosuppressive treatments (excluding rituximab) that generally depress T-

cell counts, and may exhibit less stratification between patients because we are not 

immediately concerned with differences of MHC. 

 The antibody research in our lab is built off the work by Dr. Miklos et al.  We 

hypothesized that as SMCY is one of the most important T-cell H-Y antigens, it will be 

highly relevant for B-cells as well.  Our inquiry took two main paths: characterization of 

binding epitopes on a select region of SMCY tiled by overlapping 15 residue peptide 

fragments, and characterization of antibody binding to recombinant SMCY, as well as 

ZFY, RPS4Y1, UTY, DDX3Y, and EIF1AY (the five proteins Miklos et al. considered in 

their 2005 study)
26

 and their X-chromosome homologues.
2
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Materials/Methods 

Protein ELISA 

ELISA plates with Maxisorp coating were coated with antigen diluted to 10ug/mL in 

coating buffer (15mM Na2CO3, 30mM NaHCO3, .02% NaN3, pH 9.6, in water).  V-5 

epitope and His tags were used as positive/negative controls and prepared at 10ug/mL.  

50uL of coating solution was added per well, antigens varied by column, and the last two 

columns of a set of plates contained the V-5 and His tags.  Plates were sealed and stored 

at 4° Celsius for at least three days.  Before loading with blood serum plates were blotted 

and washed 5x with 300uL wash solution (1 unit 10x TBS to 9 units nanopure water 

and .05% Tween by volume).  Non-specific antibody binding was blocked by adding 

blocking buffer (1 unit 10x TBS to 9 units nanopure water and .05% Tween by volume 

and 2% dehydrated milk by weight).  Each well was blocked with 100uL of blocking 

buffer and plates were shaken at room temperature for 1 hour.  Buffer was flicked from 

plates and donor serum was added at 50:1 blocking buffer to serum per well (only buffer 

was added to the V-5 and His wells).  Plates were shaken at 4° Celsius for seventeen 

hours and washed 5x with TBS.  Three secondary antibodies were used during color 

development: sheep anti-human (1:1000 dilution with blocking buffer), and anti-V5 anti-

His (1:200 dilution with blocking buffer).  Secondary antibody, 50uL, was added per well 

and plates were shaken for 1 hour at room temperature.  Plates were washed 5x and 80 uL 

of developing buffer was added and plates were allowed to incubate at room temperature 

for 30 minutes before 20uL NaOH was added per well to stop development.  Plates were 

imaged with a Thermo LabSystems Original Multiskan EX ELISA reader. 
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Blood 

Blood plasma samples were obtained from 39 F→M HSCT patients (data from patient 

MVK was not included in analysis), 16 HCT patients with other donor/recipient gender 

combinations, 12 healthy female donors, and 8 healthy male donors.  cGVHD score, 

aGVHD score, gut score, liver score, skin score, date of cGVHD onset, and HLA type 

were compiled for patients when known. 

 

Statistics 

Miklos et al. established a .1 OD (optical density) cutoff for measuring significant 

antibody in their ELISA assay, however, their ELISA protocol differs slightly from ours.  

To consider whether our data has a different OD cutoff value I conducted one-sided 95% 

and 99% confidence intervals for the aggregate peptide data and aggregate recombinant 

protein data.  This analysis yielded no significant difference from Miklos’ cutoff point.  

Cluster analysis was performed on the data, and patients were binned into 7 groups based 

on reactivity to the peptides and recombinant protein.  
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Results 

Antibodies to SMCY peptides are present in the blood of HSCT patients and 

healthy donors 

 Previous research has shown the clinical relevance of studying the antibody 

produced against H-Y antigen in the HSCT setting.  But no studies to date have 

considered the importance of antibody to SMCY, a highly important T-cell antigen.  We 

hypothesized that as SMCY is one of the most immunogenic T-cell H-Y antigens in the 

HCT setting, it will be highly immunogenic to B-cells as well.  This research took two 

main paths: characterization of binding epitopes on a select region of SMCY tiled by 

overlapping 15 residue peptide fragments, and characterization of antibody binding to 

recombinant SMCY, as well as ZFY, RPS4Y1, UTY, DDX3Y, and EIF1AY (the five 

proteins Miklos et al. considered in their 2005 study)
2
 and their X-chromosome 

homologues. 

 In order to address whether IgG antibodies develop to specific regions of the 

SMCY protein we chose SMCY197-383, a region of the protein with high dissimilarity with 

its X-chromosome analogue (Figure 5), and tiled it with 15 residue peptides overlapping 

by 5 on either end.  We also obtained several DBY peptides previously analyzed by Dr. 

Miklos et al. for T-cell reactivity, X-homologues to peptides SMCY-8 and SMCY-32 

(SMCX 8, SMCX 32), and 15 peptides tiling a small region of isoform 1 of SMCY.  A 

HIS tag and V-5 epitope tag were used as negative controls and assumed to represent 

non-specific background binding in the assay.  The OD values from the HIS and V-5 

epitope wells were averaged and subtracted from each patient's OD measurement.  

Plasma samples were run in duplicate against a panel of 10 peptides at a time, and the 
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results of the duplicate wells were averaged. 

 The full results of this exploratory study into antibody reactivity to select SMCY 

peptides in the blood of transplant patients are shown in Figure 6.  This “heatmap” 

depicts the adjusted OD values for each sample, where blue represents low binding of 

secondary antibody and red is high.  Patients are on the horizontal axis while peptides are 

on the vertical.  Any patient that starts with HAN is a transplant patient, while those 

starting with D are healthy subjects. Apparent from this data are the high prevalence of 

strong results for peptides SMCY 24-25, SMCY 27-30, and SMCY 32.  Peptide 

sequences are displayed in Table 1.  Strong responses to these regions indicate the 

possibility of an antibody binding epitopes (Figure 7).  Specifically, SMCY 27-30 show 

very similar antibody binding profiles as shown in the graph in Figure 8.  Moreover, a 

surprisingly high number of individuals (34.2%) responded to all four peptides.  These 

results indicate what is easily observed in the heatmap: a binding region for antibody 

exists in the general region of SMCY 24-25 and SMCY 27-30.   
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Figure 5:   SMCY (KDM5D/JARID1D) is a 1570 AA protein shown here aligned next to SMCX 

(KDM5C /JARID1C) its X chromosome homolog.  Black regions are conserved, grey denotes neutral 

mutations while white regions are mutations to amino acids with dissimilar properties.  The large 

boxed region comprises resides 197 to 383, the target region for our study of epitope binding.  Also 

shown are three smaller boxed regions, the first of which is the famous FIDSYICQV (HLA-A2 

restricted mHAg)
34,35

, the second is a potential antibody binding region determined by our study, and 

the final is a HLA-B7 restricted mHAg outside our peptide study region.  Within the smaller boxed 

areas, a red letter denotes a non-conserved amino acid, while black is conserved. 
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Figure 6:  This Heatmap depicts 

the optical density (OD) readings 

of individual patient samples to 

overlapping peptide fragments 

from SMCY281-375 (KDM5D281-375) 

along the horizontal axis.  Dark 

red indicates high OD, while Blue 

is low.  Patients and healthy 

donors are displayed on the 

vertical axis.  HAN denotes a 

transplant patient, while D is a 

healthy donor.  Each data cell 

was generated by running 

protein ELISA in duplicate, 

averaging the wells, and 

subtracting the average of the V-

5 and HIS epitope tags, which 

were assumed to represent non-

specific background binding in 

the assay.  The scale is given 

below. 
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SMCY_nobu19 VSSTLLKQHLSLEPC 281-295 

SMCY_nobu24 QLRKNHSSAQFIDSY 301-315 

SMCY_nobu25 NHSSAQFIDSYICQV 305-319 

SMCY_nobu26 AQFIDSYICQVCSRG 309-323 

SMCY_nobu27 DSYICQVCSRGDEDD 313-327 

SMCY_nobu28 CQVCSRGDEDDKLLF 317-331 

SMCY_nobu29 SRGDEDDKLLFCDGC 321-335 

SMCY_nobu30 EDDKLLFCDGCDDNY 327-341 

SMCY_nobu31 LLFCDGCDDNYHIFC 349-363 

SMCY_nobu32 RGIWRCPKCILAECK 353-367 

DBY#77_David LGLATSFFNEKNMNITK 
Blood 2004, 103, 

pp353  

DBY#78_David FFNEKNMNITKDLLDLLV 
Blood 2004, 103, 

pp353  

SMCX#32 KGVWRCPKCVMAECK 

X homologue of 

SMCYpep32 

 

Table 1:  The left column displays the names given the peptides during our research.   The center 

column displays the peptide sequences of SMCY 19, 25-32, and the X-chromosome homologue of 

peptide 32, as well as the sequences of two peptides from DBY that Miklos et al. tested.  The right 

column displays the regions of the protein that the SMCY peptides cover, or documentation for the 

peptides. 

 

 

 

 

 

Peptides 24-25: 

QLRKNHSSAQFIDSY 

    NHSSAQFIDSYICQV 

 

Peptides 27-30:  

DSYICQVCSRGDED  

    CQVCSRGDEDDKLLF  

        SRGDEDDKLLFCDGC  

            EDDKLLFCDGCDDNY 

 

SMCY 32 vs SMCX 32 

RGIWRCPKCILAECK 

KGVWRCPKCVMAECK 

 

Figure 7:  This figure illustrates peptides 24-25, and 27-30 and their conserved residues, and 

compares SMCY 32 to SMCX 32.  Notably, peptide 24 and 25 contain a demonstrated T-cell 

mHAg FIDSYICQV.  Note also from Figure 5 that peptide 27 is the least reactive of the set, and a 

binding epitope may be more shifted towards peptides 28-30. 
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 Also apparent from the heatmap in Figure 6 is the high frequency of intense 

antibody reactivity to SMCY peptides in the blood of healthy male and female blood 

donors.  The percent of healthy female donors responding to ≥ 4 peptides was 83.3%, 

followed by F→M HSCT patients (51.3%), followed by healthy males and non F→M 

HSCT patients at 37.5% (Table 2).  Healthy females consistently exhibited the highest 

percentage of response against peptides, except in several notable cases: SMCY 19, 

SMCY 24-25, SMCY 26, SMCY 32, SMCX 32, DBY 77, and DBY 78 (Figure 8). 

 Considering SMCY 19, 16.7% of healthy females (n=12) demonstrate significant 

antibody, compared to 31% of F→M HSCT (n=39), and 12.5% of other HSCT patients 

(n=16) (Figure 8).  This is the greatest difference between F→M HSCT patients and 

other donor recipient combinations observed in the SMCY peptide sample set and may be 

indicative of a targeted region for antibody development after F→M HSCT.  Similarly 

antibody to SMCY 26 was only observed in HSCT transplant patients. 

 Together SMCY 24 and SMCY 25 contain the FIDSYICQV sequence (Figure 7), 

which is a HLA-A*0201 CD8+ T-cell restricted epitope that has been identified in the 

blood of patients after HSCT.
12,35,36

 The high frequency of response to peptides 

containing this sequence may indicate concurrent T-cell activation to a similar peptide. 

 SMCY 32 was observed frequently as well, with 43.6% of F→M HSCT patients 

responding to this peptide as well as 50% of healthy males, and 25% of healthy females 

and other donor recipient combinations.  But interestingly, antibody to SMCX 32, the X-

chromosome homolog of peptide SMCY 32, was observed more frequently for nearly all 

sample groups. And the percentage of F→M HSCT patients exhibiting antibody was 59%, 

the most frequent response for this sample group against all peptides tested. 
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Reactivity to SMCY Peptides (% of 
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Healthy Female (n=12) 100.0 91.7 83.3 83.3 75.0 75.0 75.0 66.7 

Healthy Male (n=8) 87.5 75.0 37.5 37.5 37.5 37.5 37.5 37.5 

F->M (n=39) 84.6 66.7 59.0 51.3 43.6 43.6 38.5 33.3 

All non F->M HCT (n=16) 75.0 43.8 37.5 37.5 37.5 37.5 31.3 25.0 

 

Table 2:  This table illustrates the percentage of HSCT patients and healthy donors that exhibit 

antibody against 1 or more SMCY peptides.  The highlighted values demonstrate the overall trend of 

reactivity observed: healthy females>female to male HSCT>healthy males and all other donor 

recipient HSCT gender combinations. 

 

 

 
 

Figure 8:  This figure illustrates the percentage of healthy females, healthy males, patients after 

F patients with other donor recipient combinations responding against select 

peptides from SMCY, DBY (DDX3Y), and SMCX (the X-homolog of SMCY).  A response was 

categorized as an OD level above .1. 
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 High cross-reactivity within the F→M HSCT patients to both SMCY 32 and 

SMCX 32 was observed: 41% of F→M HSCT patients were reactive against both SMCY 

32 and SMCX 32, compared to only 30.0% of healthy donors, and 18.8% of other HSCT 

transplant combinations (data not shown).  Also notable in the SMCX 32 response is that 

of the 53 HSCT patients whose cGVHD condition was known, 45.3% of those diagnosed 

with cGVHD also exhibited antibody to SMCX 32, and 48.9% of F→M HSCT transplant 

patients diagnosed with cGVHD exhibited antibody to SMCX 32 (data not shown). 

 Considering DBY 77, positive antibody response was observed in 56.2% of non 

F→M HSCT, 48.7% of F→M HSCT, and 41.7% of healthy females (Figure 8).  This 

peptide was the most frequently observed antigen to non F→M HSCT patients, and is 

one of the peptides studied by Dr. Miklos et al. in 2004.
1
 The final peptide of note is 

DBY 78.  This peptide was found to be reactive only with transplant patients.  Our results 

show that 21% of our 39 F→M HSCT were reactive to DBY 78 versus 31.3% (n=16) of 

other HSCT combinations (Figure 8).   This peptide was also studied by Dr. Miklos et al. 

in 2004.
1
  

 

Antibodies to SMCY-f, DBY, UTY, EIF1AY, RPS4Y, ZFY and X-chromosome 

homologs are present in the blood of HCT patients and healthy donors 

 To address whether IgG antibody to SMCY is observed more or less frequently 

than other recombinant proteins in the blood of HSCT patients and healthy donors, 

recombinant SMCY was grown in E. coli and full recombinant proteins to DBY, UTY, 

EIF1AY, RPS4Y, and ZFY and their X chromosome homologs were obtained from Dr. 
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Miklos.  Due to the large size of the SMCY protein (1570 AA), M.D. PhD. Takakazu 

Kawase broke the protein into six overlapping fragments (Figure 9).  At the time of my 

research, only SMCY-f was purified, as the other fractions were insoluble (Figure 10).  

We assayed 39 F→M HCT samples, 16 HCT patients with other donor/recipient gender 

combinations, 12 healthy female donors, and 9 healthy male donors against this panel of 

recombinant protein (data from patient MVK was not incorporated in analysis).  We used 

HIV p53 protein as a negative control and subtracted this OD from the other wells. 

 The full data are summarized in Figure 11 and 12.  Immediately notable from this 

heatmap and graph are the high reactivity of samples to UTY, and SMCY-f when 

compared to all other recombinant proteins.  In fact 100% of healthy males had 

significant antibody to UTY, compared with 75% of healthy females, 56.4% of F→M 

HSCT patients, and 56.3% of other donor recipient combinations (Table 3).  Antibody to 

UTY was found to be highly specific for UTY as opposed to UTX.  Only 37.5% of 

healthy males, 33.3% of healthy females, 15.4% of F→M HSCT patients, and 0% of 

patients with other donor recipient gender combinations were reactive to UTX.  Only 

16.7% of samples reactive with UTY were also reactive with UTX (data not shown).   

 For SMCY-f, it was found that 100% of healthy females exhibited positive 

responses, compared with 87.5% of healthy males, 50% of HSCT patients with other 

donor recipient combinations, and 33.3% of F→M HSCT patients (Figure 12).  This 

figure also illustrates the significant frequency of antibody responses from F→M HSCT 

patients to EIF1AX (41%), and EIF1AY (35.9%).  But in this case antibody seemed to be 

largely nonspecific between the two: 87.5% of F→M HSCT patients (n=39) who were 

reactive with EIF1AX were also reactive with EIF1AY. 
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Figure 9:  In order to express SMCY (KDM5D) in E. coli, M.D. PhD. Takakazu Kawase broke the 

transcript into six overlapping fragments and created E. coli expression vectors for each fragment.  

Note the presence of the His tag for purification. 

 
 

 

Figure 10:  SDS-Page gels are shown depicting the soluble and whole cell lysate fractions from the 

expression of the KDM5D (SMCY) vectors in E. coli.  Note that all fragments appear largely 

insoluble indicating that refolding may be required for purification. 
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Figure 11:  This figure shows the full data set generated to recombinant protein and peptide 

fragments, patient and donor sex, aGVHD and cGVHD score when known, and the results of the 

cluster analysis.  Patients are displayed on the horizontal axis, while proteins and patient 

characteristics are on the vertical.  Patients denoted HAN are HSCT transplant patients, while D 

denotes healthy blood serum donors.  Cluster analysis was used to group patients based on similar 

reactivity to peptides and protein, the results are displayed by the tree diagram. 
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Healthy Male 

(n=8) 100.0 87.5 87.5 50.0 25.0 12.5 12.5 12.5 

F->M (n=39) 82.1 64.1 56.4 46.2 30.8 17.9 15.4 5.1 

Healthy Female 

(n=12) 100.0 75.0 58.3 33.3 16.7 0.0 0.0 0.0 

All non F->M 

HCT (n=16) 81.3 68.8 43.8 25.0 12.5 12.5 12.5 6.3 

 

Table 3:  This table illustrates the percentage of HCT patients and healthy donors that exhibit 

antibody against ≥ 1-8 recombinant proteins: RPS4Y, RPS4X, ZFY, ZFX, DBY, DBX, UTY, UTX, 

EIF1AY, EIF1AX, and SMCY-f.  Important values are highlighted.   

 

 

 

Figure 12:  This figure illustrates the percent of HSCT patients and healthy donors responding 

against a panel of recombinant proteins.  Positive antibody against recombinant protein was 

categorized as any adjusted OD reading above .1. 
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 Considering the overall reactivity to recombinant proteins we found that 50% of 

healthy males exhibited antibody to ≥ 4 peptides, compared to 46.2% of F→M HSCT 

patients, 33.3% of healthy females, and 25.0% of other donor recipient combinations 

(Table 3).  By extending the range to ≥ 5 peptides we found that 30.8% of F→M HSCT 

are responsive compared to 25% of healthy males, 16.7% of healthy females, and 12.5 % 

of other donor recipient combinations (Table 3). 

 

Discussion 

 The purpose of this research was to determine whether SMCY is a highly 

immunogenic antibody antigen in the HSCT setting, to begin defining target regions of 

antibody specificity within SMCY, and to consider the relative immunogenicity of 

SMCY compared to the 5 H-Y antigens studied by Dr. David Miklos et al. 

 The results of our peptide tiling clearly show that some regions of SMCY are 

more immunogenic than others, and an epitope for antibody binding may exist in the 

region of SMCY peptides 24-25, 27-30, and 32.  Interestingly, peptides 24 and 25 contain 

the FIDSYICQV sequence (Figure 10), which is a documented HLA-A*0201 CD8+ T-

cell restricted epitope.  As B-cells and T-cells are known to interact in the development of 

immune response, it is intriguing to consider the possibility as was documented by Zorn 

et al.
24

 of a combined T- and B-cell response developing to this region post transplant.  

Of our patients that were HLA typed 7 had the A*0201 allele.  Of these 7, five exhibited 

antibody to peptide 25 (contains the full FIDSYICQV sequence, Figure 9), while only 1 

was positive for antibody to peptide 24 (contains only a fraction of the sequence, Figure 

9).  While these data are highly inconclusive, they suggest that antibody may develop to 
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this region alongside a T-cell response. 

 The overwhelming presence of responses by female donors to peptides was 

surprising.  However, it may indicate the possibility of previous exposure to H-Y antigen 

due to pregnancy or blood transfusion.  But, as healthy males exhibited high frequency of 

response as well compared to HSCT patients, it may also be indicative of B-cell 

suppression post transplant.  One reason for studying the antibodies produced in GVH 

and GVL is that they may be less affected by immunosuppressive treatment and MHC 

stratification.  If the lower frequency of antibody response in the HSCT patients is due to 

immunosuppressive therapy, then antibody is certainly affected by immunosuppressive 

treatment.  However, further analysis is required to determine if this is the case. Although 

healthy donors on average exhibited higher frequencies of response, certain peptides 

appeared to be highly immunogenic in the F→M HSCT setting: SMCY 19, SMCY 25, 

SMCY 28, SMCY 32, SMCX 32, and DBY 77.   

 SMCY peptide 19 is highly dissimilar with in comparison to its X-chromosome 

homolog.  The sequence is VSSTLLKQHL--------SLEPC where dashes indicate a 

deletion going from the X- to the Y-chromosome.  The large dissimilarity between the X- 

and Y-chromosome in this region may be why responses to this peptide are most 

frequently observed in F→M HSCT patients.  In this system the female immune system 

would be unlikely to recognize homologous sequence as “self” due to the high disparity.  

However, if we consider SMCY 32, this peptide contains 4 non-homologous amino acids 

(Table 1) and was observed frequently in the blood of transplant patients.  Interestingly, 

high responses to SMCX 32 were also observed and 33.3% of patients who were reactive 

with one were reactive with the other (data not shown).  These results indicate that the 
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epitope region for SMCY 32/SMCX 32 may not be highly dependent upon the non-

conserved residues.  

 DBY 77 was one of the peptides considered by Dr. Miklos et al,
1
 They found 

antibody to DBY 77 in 7 of 27 (26%) of F→M HSCT patients, while we observed 

antibody developing in 49% F→M HSCT patients.  This difference in reactivity may be 

caused by procedural difference in protein ELISA protocols.  On average, our protocol 

observed higher OD values, and considering that I used the same cutoff value for positive 

response as Miklos et al. (.1 OD), we would expect to observe positive responses more 

frequently in our data.  However, as our goal was to determine the relevance of antibody 

to SMCY this difference is largely unimportant. 

 While peptide data is certainly critical to understanding the function of B-cells in 

GVL and GVH, in their 2005 study, “Antibody responses to H-Y minor 

histocompatibility antigens correlate with chronic graft-versus-host disease and disease 

remission,”
2
 Dr. Miklos et al. demonstrated the clinical significance of antibody to full 

recombinant Y-chromosome proteins.  Our goal to characterize the relevance of SMCY 

as a Y-chromosome antigen, however, is largely unrealized as only SMCY-f, one 

fragment of 6, was purified at the time of my research.  But the results to SMCY-f are 

promising.  In their 2005 study, Dr. Miklos et al. antibody to DBY most frequently 

followed by RPS4Y, ZFY, and UTY.  However, our results show much more frequent 

response to SMCY-f than DBY for all sample groups except F→M HSCT patients, 

whose responses were equal.  While it is true that the overall frequency of response in our 

data was higher than that observed by Miklos et al. (likely due to peptide ELISA protocol 

difference) comparing the frequency of antibody response to DBY and SMCY-f suggests 
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the importance and possibility of clinical relevance of antibody to SMCY protein. 

 Also interesting from our recombinant protein analysis was the extremely high 

frequency of response to UTY2 (UTY).  In their 2005 study, Dr. Miklos et al. found 

antibody to DBY in 46.6% of F→M HSCT patients, while only 24% of F→M HSCT 

patients (the highest percentages of both sample groups) were reactive to UTY.  Our 

study on the other hand shows a different trend, with 33.3% percent of F→M HSCT 

patients responding to DBY compared with 56.4% of F→M HSCT patients responding to 

UTY (the most frequent F→M HSCT patient response of recombinant protein in our 

study).  The cause of this difference is not clear.  Ranking reactivity to recombinant 

proteins in Dr. Miklos’ study finds DBY>UTY>RPS4Y>ZFY>EIF1AY (considering 

both sample groups).  However, the Miklos study only included frequency of response 

data for healthy males, healthy females, F→M HSCT patients, and M→M HSCT patients.  

Considering just these groups, our results show a different trend: UTY2>SMCY-

f>EIF1AY>DBY>RPS4Y>ZFY.  While some of this difference is certainly procedural 

and due to the fact that our data set has a different sample composition (different relative 

numbers of healthy donors and transplant patients), our results clearly show that SMCY 

antibody commonly occurs in the blood of both healthy donors and transplant patients, 

and indicates the possibility of clinical significance for antibody to SMCY protein in the 

blood of HSCT transplant patients.  However, further study is required to examine the 

clinical relevance of antibody to SMCY. 
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Conclusion 

 This study confirms our initial hypothesis that antibody to SMCY will be 

frequently observed in the blood of transplant patients.  High frequency IgG antibody 

responses to both SMCY and SMCX peptides as well as SMCY-f recombinant protein 

fragment were observed in the blood serum of both healthy blood donors and HSCT 

patients.  Comparing the response against SMCY peptides and recombinant protein to 

other H-Y antigens suggests that SMCY is an important B-cell H-Y antigen on the scale 

of DBY.  Further research, however, is needed to determine what regions of SMCY are 

the most immunogenic and whether antibody is reactive against SMCY-a through 

SMCY-e as well as SMCY-f.  Furthermore, as antibody to H-Y antigen has been shown 

to be highly relevant to clinical cGVHD diagnosis and disease remission,
37

 studies should 

be undertaken to determine the clinical significance of antibody to SMCY. 

 The high reactivity of healthy samples and particularly healthy females to 

peptides and recombinant protein needs further characterization.  Do female donors with 

previous exposure to H-Y antigen (via pregnancy or blood transfusion) exhibit higher 

antibody reactivity to H-Y antigen, and does pre-existing antibody to H-Y antigen in 

HSCT donors affect cGVHD diagnosis and disease remission in patients?  Answering 

these questions will help define the clinical relevance of H-Y antigens, and may lead to 

better selection strategies for HCT donors, and better therapy regimens for patients. 

 Because T- and B-cell immune responses are known to develop concurrently, it is 

possible that MHC alleles correlate with antibody development to specific H-Y antigen.  

However, the sample size of our groups was too small to consider whether this is the case.  

Further research with larger sample groups should be undertaken to determine whether 
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H-Y antibody correlates to MHC allele, and if MHC alleles correlate with GVHD. 

 In mice it has been shown that selective tolerization to as little as a single H-Y 

antigen can mediate graft rejection or acceptance. This is an immensely significant result 

as it suggests that by mediating the relationship between H-Y antigens and the host 

immune system one can mediate the graft-versus-host effect and possibly induce 

tolerization.  This finding suggests that understanding the immune responses to H-Y 

antigens is critical to developing new strategies for navigating the balance between GVH 

and GVL effects.  As this balance is regulated by both T- and B-cells, understanding 

which B-cell antigens are most important in HSCT patients will lead to better treatment 

of hematological malignancies and improve the lives of patients.  My research was one 

step in that direction, and has demonstrated the relevance and importance of studying 

antibody to SMCY antigen in the HCT setting. 
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