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UTY gene codes for an HLA-B60-restricted human male-specific minor

histocompatibility antigen involved in stem cell graft rejection: characterization

of the critical polymorphic amino acid residues for T-cell recognition

Mario H. J. Vogt, Els Goulmy, Freke M. Kloosterboer, Els Blokland, Roel A. de Paus, Roel Willemze, and J. H. Frederik Falkenburg

Rejection of a graft after human leuko-
cyte antigen (HLA)-identical stem cell
transplantation (SCT) can be caused by
recipient’simmunocompetent T lympho-
cytes recognizing minor histocompat-
ibility antigens on donor stem cells.
During rejection of a male stem cell
graft by a female recipient, 2 male (H-Y)—
specific cytotoxic T lymphocyte (CTL)
clones were isolated from peripheral
blood. One CTL clone recognized an
HLA-A2-restricted H-Y antigen, encoded
by the SMCY gene. Another CTL clone

recognized an HLA-B60-restricted H-Y
antigen. In this study UTY was identified
as the gene coding for the HLA-B60—
restricted H-Y antigen. The UTY-derived
H-Y antigen was characterized as a 10-
amino acid residue peptide, RESEEESVSL.
Although the epitope differed by 3 amino
acids from its X-homologue, UTX, only 2
polymorphisms were essential for recogni-
tion by the CTL clone HLA-B60 HY. These
results illustrate that CTLs against several
H-Y antigens derived from different proteins
can contribute simultaneously to graft rejec-

tion after HLA-identical, sex-mismatched
SCT. Moreover, RESEEESVSL-specific T
cells could be isolated from a female HLA-
B60+ patient with myelodysplastic syn-
drome who has been treated with multiple
blood transfusions, but not from control
healthy HLA-B60 + female donors. This
may indicate that RESEEESVSL-reactive
T cells are more common in sensitized
patients. (Blood. 2000;96:3126-3132)
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Introduction
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Human leukocyte antigen (HLA)-identical hematopoietic stem cetihown!3 Each gene has a ubiquitous tissue expression ang a
transplantation (SCT) can be complicated by graft-versus-hdsimologue on the X chromosome encoding a similar, b'ijt
disease (GVHD) or graft rejection. Graft rejection can be caused hgnidentical, protein isoform. The amino acid sequence idengty
the recognition of minor histocompatibility antigens (mHag) ownf the X-Y isoforms varies from 85% to 97%. Because the%e
donor stem cells by immunocompetent HLA-restricted T lymphasbiquitously expressed Y-specific genes have sufficient polymgr-
cytes of recipient origid:® mHag are peptides derived fromphisms to generate male-specific peptides, they are pote@lal
polymorphic intracellular proteins that differ between donor andandidates to encode H-Y antigens.
recipient?® The peptides are presented on the cell membrane in DFFRYwas identified as a second gene encoding a human hEY
association with major histocompatibility complex molecules anantigent41®> The DFFRY-derived H-Y peptide was recognized bgl
are capable of eliciting specific T-cell responéSpecific T-cell an HLA-Al-restricted CTL clone, which was generated fromi‘:a
responses against male-specific mHag may occur after séamale patient with acute myeloid leukemia who rejected Her
mismatched blood transfusions and organ or stem cell transplartth-A-identical male stem cells.We identified the HLA-A1—
tion.®8 Clinical studies indicated that female patients who underestricted H-Y epitope byDFFRY deletion mutants an®FFRY &
went transplantation with HLA-phenotypic identical male sterminigenes encoding small peptides. Synthetic peptides were Sed
cells have a higher risk for graft rejection than those who receive identify this H-Y antigen recognized by the HLA-Al HY—%Z
stem cells of female origih? During rejection of male stem cell specific CTL clone. Recently, thdTY gene was identified as a;r"
grafts, H-Y—specific cytotoxic T lymphocyte (CTL) clones couldyene coding for an H-Y epitope, which was recognized by @ gn
be generated from the peripheral blood of female patiehtéThe HLA-B8—restricted CTL clone generated during GVHD. S
H-Y—specific CTL clones are used to identify the H-Y antigens and The first indication that multiple H-Y antigens may be mvolveg
their genes. in male stem cell graft rejection in a female patient was tBe
SMCYwas the first gene identified that encoded human H-¥olation of HLA-A2— and HLA-B60—restricted cytotoxic ancE
antigensi12 HLA-A2— and HLA-B7-restricted H-Y epitopes proliferative H-Y—specific CTL clones from the patient, a womah
derived from the SMCY protein were characterized througWith aplastic anemia who rejected an HLA-genotypic identical
peptide elution of male cells, and microcapillary liquid chromamale stem cell graft’'® The H-Y epitope recognized by the
tography—electrospray ionization mass spectrometry combinEilA-A2—restricted CTL clone was previously characterized as a
with T-cell epitope reconstitution. A molecular method can bpeptide derived from th&MCY gene!! The H-Y-specific HLA-
explored as well. The DNA sequences of 8 Y-specific genes aB&0—restricted CD8 CTL clone showed no reactivity to the
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SMCY protein, indicating that another Y-specific gene was alsoanufacturer’s procedure. Each individual cDNA was cloned in the

involved in the male stem cell graft rejection. expression vector PCR3.1 using the eukaryotic TA cloning kit (Invitrogen,
In this study, we identifiedJTY as the gene encoding the H-Y Carlsbad, CA).

epitope recognized by the HLA-B60—restricted CTL clone. The

H-Y epitope was localized on theTY gene usindJTY deletion Cloning of subgenic fragments or minigenes of the UTY gene

mutants andJTY minigenes. Synthetic peptides confirmed that thﬁestriction analysis on th&TY gene revealed akipal site on position

amino acid sequence of the _UTY_de”V?d H-Y _epltope Wa%OG, anNhd site on position 2458, andRst site on position 1569 of the
RESEEESVSL. Although the epitope contained 3 different amingry cpnA. Nhe and Pst also have a recognition site in the multiple

acids compared to its UTX-homologue protein, only 2 amino aci@foning site of the PCR3.1 plasmid, directly after tHeaid 3 ends of the
were shown to be essential residues for recognition by therycDNA, respectively. Deletion mutant$TY/Nhd and UTY/Pst were
HLA-B60 H-Y CTL clone. Furthermore, we demonstrated thagenerated by incubating the plasmid PCR3.1 containingyiégene with
RESEEESVSL-specific T cells could be isolated from a fematlbe restriction enzymeshe and Pst, deleting 2472-bp and 2493-bp long
HLA-B60+ patient with myelodysplastic syndrome (MDS) treatedfagments at the '5and 3 sites of theUTY gene, respectively. Deletion
with multiple blood transfusions, and not from 2 healthy contrdPutantUTY/Hpal was generated by digestingTY with Hpal and the
HLA-B60+ female donors. This may reflect increased frequenciE&R3-1 plasmid wittEcaRV directly after the 3end of theUTY cDNA,

of RESEEESVSL-specific T cells in female HLA-B&Opatients deleting a 756-bp long fragment of FhHYgene'Aﬁer.d'.geSt'on’ th.e Imear_
. . . . truncated constructs were visualized on an ethidium bromide—staiFed
sensitized by frequent stimulation with male cells.

low-melt agarose gel. After isolating the constructs with agarose, the Iin§ar
constructs were ligated with the rapid DNA ligation kit (Boehring%
Mannheim GmbH) to form circular plasmid DNA consisting of vectdt

Materials and methods PCR3.1 with the truncatedTY/Hpal, UTY/Nhe, andUTY/Pst cDNAs.  §
The oligonucleotides (5— 3") used for generation of thgTY mini- é’r
CTL and cell lines genes are listed in Table 1. After oligonucleotide synthesis, each paigof
The CD& CTL clone HLA-B60 HY was derived by limiting dilution from Cligenucleotides formed double-stranded DNA minigenes wiaaHl 5
peripheral blood mononuclear cells (PBMC) of a female patient wit ite and a-hn_dlllsne_after hybrldlzatlon.Thes_e minigenes were cloned |n§)
aplastic anemia, who had rejected HLA-identical male stem EelfsThe eBanHl/Hindlll-digested PCRS.1 expression vector. g
CTL clone was cultured by stimulation with irradiated allogeneic PBMC 2
and donor-derived Epstein-Barr virus (EBV)-transformed B cells (EBVFransfection of HeLa cells and screening of transfectants §
LCL) in RPMI-1640 medium (Bio-Whittaker, Verviers, Belgium) contain- g

Y-specific cDNA was transfected into Hela cells by the DEAE-dextrag-

ing 15% human serum, 3 mmol/L L-glutamine, 1% leukoagglutinin (Difco ; A ) =
Laboratories, Detroit, MI), and 120 U/mL recombinant IL-2 (Rousse(fhloroqume method as describ&dDne day before transfection, HeLa cell§

Uclaf, Paris, France). HelLa cells and WEHI-164 clone 13 cells werkere seeded in 96-well flat-bottom microtiter plates at 15 000 cells/well_an

obtained from American Type Culture Collection (Rockville, MD) and-00 ML complete culture medium. Before transfection, medium wés
maintained in complete culture medium consisting of RPMI-1640 mediumscarded and replaced by 48 I'DEAE-dextran/'DNA.mlxtures. Thesee
containing 10% fetal calf serum (FCS) (Bio-Whittaker). m!xturgs were prepared for dupllca_te transfections in 96-well V—bottdg%n
microtiter plates by sequentially adding: 8 RPMI-1640 supplemented g
with 10% decomplemented NuSerum IV (Collaborative Biomedical Prcﬁ-
ucts, Bedford, MA) containing 0.3 mg/mL DEAE-dextran (Sigma Cheng
Total RNA was isolated from male EBV-LCL with Trizol (Gibco BRL, cal) and 10Qumol/L chloroquine, 1uL of TE (10 mmol/L Tris, 1 mmol/L X
Gaithersburg, MD) according to the manufacturer’s instructions. cDONAwd&DTA, pH 7.4) containing 200 ng Y-specific cDNA in plasmid PCR3.1 a@
prepared from RNAusing M-MLV BRL reverse transcriptase (Gibco, BRL] pL TE containing 200 ng plasmid PCR3.1-B60 (plasmid PCR3l
for 60 minutes at 37°C as describ¥&°One fiftieth of the cDNA reaction containing the HLA-B60 gene) or without HLA-B60 construct as a contrd.
was amplified using specific primers for each Y gene identified by Bhe Hela cells were incubated for 4 hours at 37°C, after which tge
systematic search of the nonrecombinant region of the human Y chroni@EAE-dextran/DNA was discarded and replaced by (80 phosphate- ‘?D
some** BecauseSMCYand DFFRY had large open reading frames, eactbuffered saline (PBS) containing 10% dimethyl sulfoxide (DMSO). After:2
gene was cloned in 3 overlapping cDNA constructs. With the exception ofinutes at room temperature, PBS-DMSO was replaced by ;200 é
SMCY, all genes were amplified using the expanded long template P@8mplete culture medium. Transfected HelLa cells were incubated fore48
system (Boehringer Mannheim GmbH, Mannheim, Germany). The amplifiours at 37°C. After removing the medium, 4000 HLA-B60 HY CTL Wel’%
cation was started with a denaturation step of 2 minutes at 92°C, followadded in 20QuL RPMI-1640 containing 10% pooled human serum and 3@
by 30 cycles, with each cycle consisting of 20 seconds at 92°C, 1 minuteldt IL-2 per milliliter. After 24 hours, the tumor necrosis factor (TNF)
60°C, and 1 minute at 68°CSMCY was amplified using the Marathon content in 50pL supernatant was determined by adding it to 50
cDNA amplification kit (Clontech Laboratories, Palo Alto, CA) accordingcomplete culture medium containing 50 000 WEHI-164 clone 13 cells,
to the manufacturer’s procedure. After amplification, each Y-specific cDNgensitive to a cytolytic effect by TN After 18 hours, 10uL cell

was visualized on an ethidium bromide—stained low-melt agarose gebliferation reagent WST | (Boehringer Mannheim GmbH) was added, and
(Sigma Chemical, St Louis, MO). cDNA was isolated from the low-melthe TNF concentration was calculated in comparison with recombinant
agarose gel using agarose (Boehringer Mannheim GmbH) according to Ti¢F standards measured in the same assay.

Cloning of Y-specific genes

Z8!

0

Table 1. Oligonucleotides (5 ' — 3’) used for generation of UTY minigenes

position
UTY gene (bp) Sequence (5" — 3)
79-120 For: AGCTTCACCATGGCGAGCCGCGAGAGTGAAGAGGAGTCTGTTAGCCTGACAGTCTAG
Rev: GATCCTAGACTGTCAGGCTAACAGACTCCTCTTCACTCTCGCGGCTCGCCATGGTGA
172-216 For: AGCTTCACCATGAGGCTTCATGAAGATGGCGCCAGAACGAAGACCCTACTAGGCAAGTAG
Rev: GATCCTACTTGCCTAGTAGGGTCTTCGTTCTGGCGCCATCTTCATGAAGCCTCATGGTGA
484-522 For: AGCTTCACCATGCGAGCCAAGGAAATTCATTTACGACTTGGGCTCATGTTCTAG

Rev: GATCCTAGAACATGAGCCCAAGTCGTAAATGAATTTCCTTGGCTCGCATGGTGA
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20 ing 10% human serum and 3 mmol/L L-glutamine. After 16 hours of
incubation at 37°C, IFN-producing cells were isolated using the MACS
IFNvy secretion assay (Miltenyi Biotec, Auburn, CA) according to the
manufacturer’s procedure. After isolation, IffN and IFNy+ T cells were
stimulated with RESEEESVSL peptide-loaded autologous mononuclear
bone marrow cells in IMDM medium containing 10% human serum, 3
mmol/L L-glutamine, and 120 U/mL recombinant IL-2. The T cells were
restimulated on days 7 and 14 with RESEEESVSL-loaded irradiated
autologous mononuclear bone marrow cells. On day 21, T-cell reactivity
against the RESEEESVSL epitope was determinec®iCarelease assay.

10 A

TNF (pg/mL)

DBY DFFRY2  EIF-IAY SMcCy SMCY3 ury
DFFRY] DFFRY3 RPS4Y SMCY2 TB4Y ZFY

Figure 1. TNF production by HLA-B60 HY CTL after stimulation with HelLa
transfected with UTY and HLA-B60 cDNA. Hela cells were cotransfected with Results
indicated Y-specific cDNA and HLA-B60 cDNA. Forty-eight hours after transfection,
HLA-B60 HY CTL was added. Culture supernatants were harvested 1 day later and

tested for TNF production. Cloning of Y-specific genes

After isolation of RNA from male EBV-LCL cells, Y-gene—specifi§@
Peptide synthesis and peptide recognition assays primers were used in a PCR reaction to amplify only the Y-specigzic
nes and not their X-homologues. After cloning the PCR produgts

. . . . e
Peptides were synthesized by solid-phase strategies on an autom%egn expression vector, restriction and sequence analysis of%the

multiple peptide synthesizer (Syroll; MultiSynTech, Witten, Germany) and i oo ) . I
characterized by mass spectrometry. The purity of the peptides V\%rsnp“f'ed Y-specific cDNAs confirmed their Y specificity (data nc}

determined by analytical reversed-phase high-pressure liquid chromatogtdOWn). As described previously, all Y-specific cDNAs were
phy and it proved to be at least 80%Cr-release assays were used t@ppropriately transcribed and translated as determined in anin \éiro
determine lysis of target cells. EBV-LCL target cells were labeled with 10@5@nscription/translation ass#y.
wCi of NaP1CrO,. After 1 hour of incubation at 37°C, the cells were washed ) o .
3 times with RPMI supplemented with 2% FCS. Then 2000'Se0,-  ©'°ning and identification of the gene encoding
labeled EBV-LCL cells/well were plated in a 96-well V-bottom microtitert® HLA-B60—restricted H-Y T-cell epitope

plate in 100 nL RPMI-1640+ 10% pooled human serum containing . .
various concentrations of peptide. After 1 hour of incubation at 3708'0 determine whether any of the Y-specific genes encode

20000 CTLs were added in 100L RPMI-1640+ 10% pooled human -A-BE0-restricted H-Y T-cell epitope, the cloned Y-cDNAs werg
serum5iCr-release was measured after incubation at 37°C for 4 hours, cotransfected with HLA-B60 cDNA into HeLa cells. As shown 3
Figure 1, transfection ofJTY cDNA resulted in a significant 3
Screening of UTY protein for HLA-B60-binding peptides amount of TNF production by HLA-B60 HY CTL, Wherea%
transfection of all other Y genes induced a TNF release of 1 pg/rgL.
eletion mutants of th&JTY sequence were obtained by digestia;q
ith restriction enzymesipal and Pst, resulting in a deletion at S
the 3 site of theUTY gene of 756 bpWTY/Hpal) and 2493 bp g
(UTY/Pst), respectively (Figure 2). An additional deletion of 2472
HLA-B60 binding assay bp at the 5 site of theUTY gene UTY/Nhd) was generated using%
Homozygous HLA-B66- EBV cells were incubated at 4°C for 90 secondstpl\? Frepsrt;;:lil((:)':ognbz;/r:;]ael h: L:TB (ISSO dﬁ:p %rfirifsgelﬁ/vgf%:aiu?é%

in citric acid, pH 3.1, to elute peptides from the HLA class | complexes. . . g
After washing the cells twice with RPMI-1640 medium containing Z%Nhen stimulated with HeLa transfected witiT Y/Nhe and HLA- - &

FCS, the EBV cells were resuspended at a concentration of 400 0880 Transfection obTY/Pst in HeLa resulted in TNF release byg
cells/mL in Iscove minimum Dulbecco medium (IMDM) containing 2%the HLA-B60 HY CTL, illustrating that the HLA-B60-restrictedd
FCS and 1.5.g/mL B2-microglobulin. A total of 10QuL EBV cells were H-Y peptide was encoded by an amino acid sequence betv\/EEen
added to 25uL 150 nmol/L of fluorescence-labeled HLA-B60-bindingpositions 1 and 523 of thgITY protein. To confirm that the TNF3
peptide KESTC(FL)HLVL in a 96-well, V-bottom microtiter plate. Forrelease by the HLA-B60 HY CTL was HLA-B60 restricted, thE
evaluation of maximal binding of the fluorescent peptide to the EBV cellgj Ty cDNAs were also transfected without HLA-B60 into HeLg
25pL PBS was added to the wells. For determination of peptide binding {9s1s. No significant TNF release by the HLA-B60 HY CTL was

HLA-B60 molecules, 25.L PBS containing peptide concentrations of 0.4, \yhen thaJ TY cDNAs were transfected in the absence of the
pg/mL to 50 pg/mL was added to the wells. KESTLHLVL without HLA-B60 molecule (Figure 3)

fluorescence label was used as a control. After incubation for 24 hours alr 9 ’
4°C, the cells were washed twice with PBS, and the binding of the

RgOIGAEU"SUONEDYN

The UTY protein was screened for HLA-B60—hinding peptides by using tl
program HLA peptide—binding predictions (http://bimas.dcrt.nih.gov/molbio
hla_bind/). The scores are predictions of half-time of dissociation
HLA-B60 molecules for the indicated peptides.

9.

fluorescence-labeled peptide to the EBV cells was determined by FACS a1 2044 4062
analysis. The concentration of a given peptide that induced a decrease ofywt [ATG TGA |
50% of the mean channel of fluorescence of maximal binding)(IC -1 3306
UTY/Hpal | ]
was calculated.
2458 2494 4062
UTY/Nhel [ aTG 1
Isolation of IFN +y-secreting cells -14 1569
UTY/Pstl I | |
After informed consent, bone marrow and peripheral blood were collected
I Minigene 79-120 coding for peptide MASRESEEESVSLTV

from an HLA-B60+ patient with MDS and 2 healthy HLA-B60 female
donors. Mononuclear cells were isolated by washing and Ficoll-lsopaque 1
(1.077 g/mL) density-gradient centrifugation. A total of 40L0° PBMC | Minigene 484-522 coding for peptide MRAKEIHLRLGLMF
were stimulated with irradiated 20 10° autologous PBMC loaded with 1 Figure 2. Location of UTY deletion mutants and HLA-B60 HY CTL epitope-
rg/mL RESEEESVSL peptide in IMDM medium (Bio-Whittaker) contain-encoding minigenes.

Minigene 172-216 coding for peptidle MRLHEDGARTKTLLGK
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Figure 3. TNF production by HLA-B60 HY CTL after stimulation with HelLa
transfected with  UTY cDNA. Hela cells were transfected with UTY or UTY deletion
mutants cDNA and HLA-B60 cDNA (), or without HLA-B60 cDNA (H). Forty-eight
hours after transfection, HLA-B60 HY CTL was added. Culture supernatants were
harvested 1 day later and tested for TNF production.
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20 7

TNF (pg/mL)

MRAKEHLRLGLMF

MRLHEDGARTKTLLGK MASRESEEESVSLTV

Figure 4. Minigene encoding H-Y epitope is recognized by the HLA-B60 HY CTL.

HelLa cells were transfected with UTY minigene cDNA 79-120, 172-216, or 484-522
together with HLA-B60 cDNA (YY), or with UTY minigene cDNA only (). Forty-eight
hours after transfection, HLA-B60 HY CTL was added. Culture supernatants were

harvested 1 day later and tested for TNF production.

moQ

Localization of the HLA-B60—restricted H-Y epitope in the

UTY gene concentration of 300 pg/mL, whereas neither EEESVSLTV nor t%e

SEEESVSLTV peptide was recognized by the HLA-B60 HY CTE
To identify the H-Y peptide coding sequence, the 1-523 amino aci@ determine whether the 10-residue peptide RESEEESVSL @as
(AA) region of the UTY protein was screened for HLA-B60-the minimal epitope recognized by HLA-B60 HY CTL, 2 peptides
binding peptides that differ by at least one amino acid from its ¥acking the N- or C-terminal amino acid of RESEEESVSL wegge
homologue. Twelve peptides (9 or 10 residues) with scores varyisgnthesized and tested for recognition by HLA-B60 HY CTL in&
from 17 600 to 704 000 were observed (Table 2). Three minigeng€€r release assay. As demonstrated in Figure 5B, EBV-LCL c%ls
coding for 8 HLA-B60-binding peptides were constructed anidaded with the 10-residue peptide RESEEESVSL were mgst
cotransfected with HLA-B60 into Hela cells (Figure 2). As isefficiently lysed by the HLA-B60 HY CTL. 5
demonstrated in Figure 4, only minigene 79-120, coding for ) ) ) .
peptide MASRESEEESVSLTV, induced TNF production by HLA-TWO Polymorphisms in H-Y epitope are essential for
B60 HY CTL, indicating that this minigene encoded the H-y' cell recognition

epitope recognized by the HLA-B60 HY CTL clone. Transfectiofrhe H-y epitope RESEEESVSL differed by 3 amino acids from
of the minigene without cotransfection of the HLA-B60 moleculgg homologue GESEEASPSL, which was not recognized by

e
into HeLa cells did not result in TNF production.
Identification of the H-Y epitope recognized by CTL clone A
HLA-B60 HY 100
- . . 80 4 -A RESEEESVSL
Minigene 79-120, coding for peptide MASRESEEESVSLTV, « - SEEESVSLTV

coded for 3 HLA-B60-bhinding peptides (Table 2). The relevant‘éﬁ 60
peptides were synthesized and loaded at various concentrations ga 40
female HLA-B60+ EBV-LCL cells. Recognition of the peptide 20
loaded EBV-LCL cells by the CTL clone HLA-B60 HY was
determined in &'Cr-release assay. As is shown in Figuis she

—--EEESVSLTV

20z aunr g0 uo jsenb Aq jpd'9z1.£000128U/19.899 LIQZLS/G/&/}I@‘GIQ!UE/POUICI/IBU

. 0.0001 0.001 0.01 0.1 1 10 100 1000
RESEEESVSL-loaded EBV-LCL cells were efficiently lysed by )
HLA-B60 HY CTL with half-maximal target cell lysis at a peptide peptide conc. (ng/mL)
B
Table 2. HLA-B60-binding peptides derived from the 1-523 AA region 100
of the UTY protein
P g0 4 A RESEEESVSL
AA position UTY protein Peptide Score o0 - ESEEESVSL
.-
w
164-172 KEIHLRLGL 704 000 ) 60 -o-RESEEESVS
29-38 RESEEESVSL 640 000 2 40
60-69 HEDGARTKTL 160 000 20
164-173 KEIHLRLGLM 40 000
41-49 EEREALGGM 20 000 0
61-69 EDGARTKTL 20 000 0.0001 0.001 0.01 0.1 1 10 100 1000
398-407 SDNWNGGQSL 20 000
40-49 VEEREALGGM 20000 peptide conc. (ng/mL)
121-130 ADYWKNAAFL 20000 Figure 5. Specific lysis of RESEEESVSL-loaded female EBV-LCL target cells by
61-70 EDGARTKTLL 20000 the HLA-B60 HY CTL. Female HLA-B60+ EBV-LCL cells were 5.Cr-labeled for 1
32-40 EEESVSLTV 17 600 hour. After washing, the cells were incubated for 1 hour with UTY-derived peptides at
31-40 SEEESVSLTV 17 600 various concentrations. HLA-B60 HY CTL was added at an effector-to-target ratio of

10:1, and 5!Cr release was measured after 4 hours. (A) Lysis of female EBV-LCL

The region between amino acids 1 and 523 of the UTY protein was screened for  target cells by the HLA-B60 HY CTL after loading with different peptides encoded by

HLA-B60-binding peptides. Scores are predictions of half-time of dissociation to
HLA-B60 molecules for the indicated peptides. Underlined amino acids are mutations
compared to the UTX sequence.

minigene 79-120. (B) Lysis of female EBV-LCL target cells by the HLA-B60 HY CTL
after loading with the 10-residue H-Y peptide RESEEESVSL or the 9-residue
peptides lacking its N- or C-terminus.
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HLA-B60 HY CTL clone (Figure 6A). To determine whether all 3 IFNy - T cells IFNy + T cells
polymorphisms were equally important for recognition by the auto EBV

HLA-B60 HY CTL, all 3 peptides—each containing one UTX-

homologue amino acid on position 1, 6, or 8—were synthesized. Ag 241 EBV T HYB60

shown in Figure 6A, EBV-LCL cells loaded with peptide GESEEES- auto EBV + HYA2

VSL were well recognized by HLA-B60 HY CTL. In contrast, an allo EBV

X-homologue amino acid on position 6 or 8 of the H-Y epitope allo EBV + HYB60

resulted in a reduced lysis of EBV-LCL cells by the HLA-B60 HY
CTL, suggesting that these polymorphisms were essential for T-cel
recognition. The peptides GESEEASVSL and GESEEESPSL, each _ 2llo male EBV
containing 2 X-homologue amino acids, were not recognized byo 40 20
HLA-B60 HY CTL (Figure 6B). To determine whether the mutated % lysis % lysis
peptides bind equally well to HLA-B60 molecules as the original
RESEEESVSL peptide, an assay based on competition for binding
(o HLA-860 between 2 pepide of infrest and a fluorescendiee | Syeeiesseescebess et eps chvuclmgaoncyy ||
labeled standard peptide was used. Similar to the standard pepyg@ and IFNy-nonsecreting (IFNyE) T cells were is.olated f?’om the PgBMC Z)f the
without fluorescence label, 048g/mL RESEEESVSL competitor patient with MDS after stimulation with peptide RESEEESVSL and were tested for
peptide induced 50% inhibition of fluorescence-labeled peptiG@eCiﬁc reactivity. EBV—LC_L cells were 51Cr—labeled. for 1 hour. After washing, Fhe
binding (1Cs), suggesting a strong binding of RESEEESVSL 125 F2) S0 et e .1 f uy ter e Y260 pepue
HLA-B60 molecules. A control irrelevant peptide did not competgdded at the indicated effector-to-target ratios, and 5LCr release was measured after
for binding of the fluorescence-labeled standard peptide to thbours. Auto EBV cells were autologous HLA-B60 and HLA-A2+ EBV cells derived
HLA-B60 molecule. All mutated variants of RESEEESVSL in_from the female patient with MDS. Allo EBV cells were allogeneic HLA-B60 and
duced 1Gqy at concentrations varying from 0.6 to 08g/mL, HLAAZ Temale EBY cells

indicating that the altered recognition of the mutated peptides by

HLA-B60 HY CTL was not a consequence of altered binding of ththe RESEEESVSL epitope. After stimulation, activated T cefis
peptides to HLA-B60 molecules. (IFNy+) were separated from nonreactive T cells ({=N based 3
on their IFNy production. The frequency of IFNproducing T
cells in PBMC of donors and patient was below the detection Ie\él,
To determine whether HLA-B60 HY CTL were present in femal@s measured by flow cytometry (less than 0.05%; data not showgn).
patients, PBMC of 2 healthy donors and a patient with MDS whafter 20 days of culture, FACS analysis showed that 20% to 3@%
was sensitized by multiple blood transfusions were stimulated witti the T cells in all T-cell lines were CD3and CD§ (data not &
shown). Reactivity of the T-cell lines against the RESEEESV
epitope was tested in #Cr-release assay. The IFNI-cell line

allo EBV + HYA2

60

| = 031 11 o 31 = 0]
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Isolation of HLA-B60 HY CTL from a female patient with MDS

1192 FQ/G/

A generated from PBMC of the patient with MDS lysed RESEEES-
100 —& RESEEESVSL VSL-loaded autologous or allogeneic HLA-B60 female EBV cellg,
@ 80 7 5 GEsEEESVSL whereas no reactivity could be observed against the control pe@de
g, 60 | ~-RESEEASVSL (Figure 7). Moreover, HLA-B6@ EBV cells from a male were 8
o 40 - TOTRESEEESPSL also efficiently lysed by the T-cell line. The IRN- T-cell line &
X —— GESEEASPSL y 1y y AN 8
20 derived from the same patient showed no reactivity against %e
0 T e RESEEESVSL epitope (Figure 7). The IfN and IFNy— T-cell &
0.0001 0.001 001 0.1 1 10 100 1000 lines derived from the 2 donors exhibited no reactivity against the
RESEEESVSL epitope (data not shown). ;’
peptide conc. (ng/mL) =
[
B 100 Discussion S
é 23 xgggggigzi The involvement of male-specific mHag antigens in graft rejection
2 -O— GESEEESPSL was indicated by the observation that female patients who under-
:© 40 71 -O-RESEEASPSL went transplantation with HLA-phenotypic identical male stem
20 cells had a higher risk for graft rejection than those who underwent
0 transplantation using stem cell grafts of female orfginT-cell
0.0001 0.001 001 0.1 1 10 100 1000 clones recognizing male cells could be generated during stem cell
graft rejection after sex-mismatched transplantation. H-Y—specific
peptide conc. (ng/mL) T cells can be used to identify the H-Y antigens and their gé#es.
Figure 6. Polymorphisms in H-Y epitope differentially contributed to HLA-B60 Two human H-Y epitopes have been identified. The H-Y

recognition. Female HLA-B60+ EBV-LCL cells were 5'Cr-labeled for 1 hour. After epitopes, recognized by HLA-A2— and HLA-B7-restricted CTL

washing, the cells were incubated for 1 hour with indicated peptides at various PO
concentrations. HLA-B60 HY CTL was added at an effector-to-target ratio of 10:1, clones, were shown to be encoded by the UquUItOUS|y expressed

and SICr release was measured after 4 hours. (A) Lysis of female EBV-LCL target  SMCY gene'l1? Recently, we identified DFFRY as a second
cells by HLA-B60 HY CTL after loading with the 10-residue UTY-derived peptide ~ male-specific protein capable of inducing an HLA-Al-restricted
RESEEESVSL or 3 peptides each containing 1 UTX-homologue amino acid on CTL response during stem cell graft rejection in hum¥ris. this
position 1, 6, or 8. (B) Lysis of female EBV-LCL target cells by HLA-B60 HY CTL after . . .
loading with the 10-residue UTY-derived peptide RESEEESVSL or 3 peptides each StUdy we characterizedTYas the gene COdmg for the H-Y epm)pe

containing 2 UTX-homologue amino acids. recognized by an HLA-B60—restricted CTL clone. The CTL clone
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was generated from the same female patient, during rejection of theThe identification ofUTY as a third gene encoding an H-Y
HLA-identical male stem cell graft, as the HLA-A2-restrictecepitope demonstrates that multiple male antigens derived from
H-Y-specific CTL clone recognizing the SMCY-derived epitopedifferent Y-specific genes are involved in male stem cell graft
This illustrates that the immunogenic peptides from bottSBRECY  rejection. The role of these different H-Y antigens in stem cell
and theUTY gene were involved in the male stem cell grafgraft rejection must be further evaluated. H-Y—specific T cells
rejection in one female patient. present in female patients during male graft rejection can be
UTYmaps to proximal Yg11 within the H-Y antigen-controllingmonitored by using HLA/HY peptide tetrameriésTetrameric
locus HY* The complete coding region of UTY shows 86%complexes of HLA-A2 or HLA-B7 with SMCY-derived H-Y
identity at the amino acid level to the X-homologue UTX. THEY epitopes were used to monitor H-Y—specific T cells during
gene is widely expressed and encodes a tetratricopeptide reReaHD of male patients treated with female stem cells. A

protein?3 Tetratricopeptide motifs are found in a variety Ofsignificant increase of H-Y—specific CTL during acute and
functionally distinct proteins and are believed to mediate prmeir}:‘hronic GVHD could be visualize®

protein interaction_. Differenti_al s_,plicing Of.thUTY gene may Identification of H-Y—specific T cells in female patients
gene_rate 3 Uty |spforms d_n‘fenng at their C-termini. The N&)efore SCT may be useful in the selection of donor—recipient
term!nusofthe UT.Y'SOermS |sconserved.Becau_sethe HI"A‘-BG$_0mbinations. This would especially be relevant in female
restricted H-Y epitope is located at the N-terminus, the 3 UTY .. . . .
isoforms encode the same H-Y epitope. AlthoudiRY is ubiqui- patients who may be sensitized against male antigens %be

tously expressed, the expression level in different tissues mayrﬁgltlple blood transfusmln.s before SCT° We Fiemonstrated%
variable. An HLA-B8-restricted H-Y—specific CTL clone recogniz-t at RESEEESVSL-spgcmc T cells could be |sglated from ;if‘
ing a UTY-encoding epitope lysed male hematopoietic CelELA-BGO+ fer_nale patient with MDS who received multipleg
efficiently, whereas no or limited reactivity could be detectef!00d transfusions, and not from 2 healthy control HLA-B60 3
against HLA-B8 male fibroblastd®?* The reactivity of the 'emale donors. Because the frequency of RESEEESVSL-
HLA-B60-restricted H-Y—specific CTL clone against differenSP€cific T cells in the patient was very low (less than 0.05%),
cells and tissues has to be further evaluated. direct analysis of the frequencies of H-Y—specific T cells @/
Although the UTY epitope contained 3 different amino acidfow cytometry was not possible. However, we were able o
compared with its UTX homologue, only 2 polymorphisms werisolate and culture RESEEESVSL-specific T cells within %3
essential residues for recognition by the HLA-B60 HY CTLWeeks from the patients PBMC and not from the control donos,
Substitution of the N-terminal amino acid of the H-Y epitope by itindicating an increased frequency of RESEEESVSL-specifi@&T
X-homologue amino acid did not affect recognition by the H-Y-cells in the patient. Transplantation of HLA-identical male stegn
specific CTL. Substitution of the other 2 polymorphisms resulted i¢ells in such patients may lead to activation of these RESEERS-
a decreased CTL recognition of the mutated H-Y peptides. TH&SL-specific T cells, which may induce rejection of a male ste§1
was not due to a decreased binding of the mutated peptidescall graft.
HLA-B60, as was demonstrated in HLA-B60 binding studies. The
single mutated H-Y epitopes were only recognized when high
peptide concentrations were used. Additional substitution of the
N-terminal amino acid in the latter peptides by its X-homologud\cknowledgments
completely abolished T-cell recognition. This indicates that the
N-terminal amino acid does contribute to the 3-dimensiondVe thank Bregje Mommaas and Jan Wouter Drijfhout (Immunotte-
structure of the HLA-peptide complex recognized by the specifivatology and Bloodbank, Leiden University Medical Cente,
CTL clone. This contribution was only detectable using suboptimbkiden, The Netherlands) for providing the quorescence-IabeEEd

0001284/1L928991/9Z1€/6

single mutated epitopes. HLA-B60-binding peptide. g
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