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The mammalian Y chromosome encodes male-specific minor histocompatibility (H-Y) Ags that are recognized by female T cells
in an MHC-restricted manner. Two human H-Y epitopes presented by HLA-A2 and HLA-B7, respectively, have been identified
previously and both are derived from the SMCY gene. We previously isolated CD8 CTL clones that recognized a male-specific
minor histocompatibility Ag presented by HLA-B8. In contrast to the SMCY-encoded H-Y epitopes, the B8/H-Y Ag was not
presented by fibroblasts from male donors, suggesting that it was encoded by a novel gene. We now report that the HLA-B8-
restricted H-Y epitope is defined by the octameric peptide LPHNHTDL corresponding to aa residues 566-573 of the human UTY
protein. Transcription of the UTY gene is detected in a wide range of human tissues, but presentation of the UTY-derived H-Y
epitope to CTL by cultured human cells shows significant cell-type specificity. Identification of this CTL-defined H-Y epitope
should facilitate analysis of its contribution to graft/host interactions following sex-mismatched organ and bone marrow
transplantation. The Journal of Immunology,2000, 164: 2807-2814.

he mammalian Y chromosome encodes histocompatibil-cell transplant (HCT) from his MHC genotypically identical sister.
ity determinants that trigger rejection of skin grafts from These CTL were restricted by HLA-B8 and recognized a H-Y Ag
male mice by syngeneic females (1) and has been implipresented by hemopoietic cells, but not fibroblasts obtained from
cated in the rejection of human bone marrow grafts from MHC-HLA-B8* males (12). Because fibroblasts were recognized by the
compatible male donors by female recipients (2, 3). In both miceHLA-A2- and HLA-B7-restricted CTL specific for epitopes de-
and humans, class | MHC-restricted CTL recognizing male-sperived from SMCY (13), this suggested that a distinct Y chromo-
cific (H-Y)* Ags have been generated in vitro by secondary mixedsome gene might encode the HLA-B8-restricted H-Y Ag. We
lymphocyte culture from females sensitized in vivo with male cellsshow in this study that aa 566—573 of the protein encoded by the
(2, 4-6). Two genes on the murine Y chromosome have beehuman UTY gene comprise the HLA-B8-restricted H-Y epitope,
shown to encode H-Y Ags. SMCY encodes H<2Kand H-20¥- thereby demonstrating that human H-Y Ags are encoded by more
restricted H-Y epitopes (7, 8) and UTY encodes a H-28stricted  than one locus on the Y chromosome.
H-Y epitope (9). Studies in humans have demonstrated that the .
human homologue of SMCY encodes two distinct human H-y Materials and Methods
epitopes, presented by either HLA-A2 (10) or HLA-B7 (11). How- Cell culture
ever, H-Y Ags encoded by genes other than SMCY have not beefthe CD8" HLA-B8-restricted, H-Y-specific CTL clones MRR-2, MRR-
described in humans. 17, and MRR-24 used in these experiments were isolated and character-
In a previous study (12), we isolated Cb&ytotoxic T cell ized, as previously described (12). The CTL were thawed, resuspended in

clones from a male who had received an allogeneic hemopoietifPMI-HEPES (4 mM) supplemented with 10% pooled, heat-inactivated
uman serum, 2 mN-glutamine, and 1% penicillin/streptomycin (termed

CTL medium), and stimulated in vitro every 14-21 days using anti-CD3
mAb (Ortho, Raritan, NJ);y-irradiated (70 Gy) allogeneic EBV-trans-
*Program in Immunology, Fred Hutchinson Cancer Research Center, Seattle, WAgrmed B cells (LCL), and-irradiated (35 Gy) allogeneic PBMC as feeder
98109; Departments ofMedicine, lmmunology, and®Pathology, University of cells, and 50 U/ml IL-2, as previously described (14). CTL were used in
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graft-vs-leukemia; HCT, hemopoietic cell transplant; STS, sequence-tagged site. American Type Culture Collection (Manassas, VA) and maintained in

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00



2808 THE HUMAN UTY GENE ENCODES A HLA-B8-RESTRICTED H-Y Ag

Table I. Oligonucleotide primer pairs

Restriction Restriction
Gene 5 Primer Site 3 Primer Site
DFFRY GGGGTACCGTGTCAAGTATGACAGCCATC Kpnl AATTCGAGCGGCCGCTTTTCACTGATCCTTCATCT Not
DBY GGGGTACCAGGGATGAGTCATGTGGTG Kpnl GGAATTCTGCAAAGCAGATTCAGTTGC EcoRl
uTyY GGGGTACCGTTTCCATGAAATCCTGCGC Kpnl GCTCTAGACCAGTGGTGCAGAAATTTCC Xba

2 Qligonucleotide primer pairs used to amplify the entire coding sequence of the DFFRY (Genbank accession no. AF000986), DBY (Genbank AF000PBH emabldk
AF000994) genes from first-strand cDNA prepared from EBV-LCL from a healthy HLA-Btile donor. All sequences are writtehtb 3'. Each primer sequence contains
in its 5’ portion the recognition sequence (underlined) of a restriction enzyme which facilitated cloning of the PCR-amplified sequence into a cDNA exgutessio

DMEM supplemented with 10% FCS, 2 mMglutamine, and 1% peni- genomic DNA template, using previously described thermal cycling pro-

cillin/streptomycin (termed complete medium). tocols (18). Aliquots (8ul) of each PCR reaction were separated electro-
o phoretically on 2% agarose or 5% polyacrylamide gels, and cell lines were
Cytotoxicity assays scored as positive or negative for each STS on the basis of the presence or

absence, respectively, of a band of the appropriate size (18). Genomic
DNA extracted from EBV-LCL derived from normal male and female
donors served as positive and negative controls, respectively.

For cytotoxicity assays, 1- 10° EBV-LCL, fibroblasts, or bone marrow
stromal cells were labeled overnight at 37°C with 1@0%'Cr, washed
twice, dispensed into triplicate cultures at>5 10° target cells/well in
96-well round-bottom microtiter plates, and incubated4d with effector PCR cloning of Y chromosome genes

T cells at various E:T ratios in a total volume of 2pQ In some experi-

ments,>'Cr-labeled target cells were pulsed with various concentrationsPairs of oligonucleotide primers (Table 1) containing selecteStriction

of synthetic peptides for 30 min at 18°C before being used in the cytotox-Sites and complementary to sequences spanning the translation start and
icity assay. Percentage of specific lysis was calculated using the standattanslation stop sites of the human DFFRY (GenBank accession no.

formula (12). AF000986), DBY (AF000985) and UTY (AF000994) genes were used to
] ) amplify the entire coding sequence of the corresponding genes from first
Transfection of COS-7 cells and cytokine release assays strand cDNA prepared from EBV-LCL from a healthy HLA-B8male

. ) ) donor. Briefly, total RNA was isolated from % 10" EBV-transformed
COS-7 cells were transiently cotransfected with cDNA expression Vecm"?ymphoblastoid cells using STAT-60 (Tel-Test, Friendswood, TX), then
(PcDNAS.1; Invitrogen, San Diego, CA) encoding a class | MHC allele and (e erse transcribed (Superscript II; Life Technologies) and amplified using
a selected gene from the human Y chromosome. COS-7 cells were platgfig Clontech Advantage cDNA PCR kit (Clontech Laboratories, Palo Alto,
the day before transfection at>? 10° cells/well into 96-well flat-bottom CA), according to the manufacturer’s instructions. The RT-PCR product
microtiter plates, washed once with PBS, and overlaid in duplicate or tripyy5g digested with the appropriate combination of restriction enzymes (Ta-
licate with 50l Opti-MEM | (Life Technologies, Gaithersburg, MD) con- e ) "jigated into the corresponding sites of pcDNA3.1 (Invitrogen), and
taining 50 ng of plasmid DNA encoding the Y chromosome gene of in-yranstormed into DH18 Escherichia coli Minipreps of plasmid DNA

terest, 25 ng of plasmid DNA encoding an MHC class | allele, and 85 \yere made from five to six individual colonies from each ligation reaction
Lipofectamine (Life Technologies). After 4-5 h at 37°C, @loof DMEM using standard protocols.

containing 20% (v/v) FCS was added to each well. The medium in each
well was replaced at 24 h after transfection with 20@omplete medium, Peptide synthesis
and again at 48 h after transfection with 2@Dof a cell suspension con- ) ) ) )
taining 2 X 10* H-Y-specific T cells in Iscove’s medium supplemented Peptides were synthesized on a model 432A Synergy Peptide Synthesizer
with 10% human serum, 2 mM-glutamine, 1% penicillin/streptomycin,  (Perkin-Elmer Applied Biosystems, Norwalk, CT).
and 5 U/ml IL-2.

Supernatants from COS-7/T cell cocultures were harvested after 24 Northern blot analysis
and assayed for the presence of TNF and H-NFhe TNF assay was
performed by immediately transferring 1@0 of supernatant from COS-
164!- ﬁ-e,\l:,zc_z(g::;%s: t\?vgé?_'\{vigﬂaée?lgmgl rﬂciggfg?lgéenf,jggaﬂﬁfms using the Random Prime Labeling Kit (Boehringer Mannheim, Indianap-

: : ] : j olis, IN) and used to probe a dot-blot array of poly{ARNA extracted
ﬁ&pll_ei‘ge(nzt%j vl\g;theftgllismlr]agilrg;rzgugozl(%}gzlz,msaz.r Lbcl)ﬂles’(:\;ligégﬂigo from 50 different human tissues (Human RNA Master Blot; Clontech) or

International, Camarillo, CA) was added to each well. Viability of the Hoghgm tt.)IOtS of ponf(A} RdNA ext_raﬁ:edt fégTCC.u“;::ed human cefllsl.oo
WEHI cells in each well was determined 24 h later by measuring the ybridization was periormed overnignt a In the presence o

absorbance at 570 and 630 nm. In each assay, absorbance at 570/630 Hﬁ(ml sheared salmon sperm DNA (Life Technologies) angém! hu-

was also measured in identical wells to which standard dilutions of recom™a" Gt-1 DNA. RNA for the Northern blots was prepared by extracting

binant TNF (Genzyme, Cambridge, MA) had been added. Supernatamtgtal RNA from 50-100% 10° EBV-LCL, fibroblasts, or bone marrow

from COS-7/T cell cocultures were also assayed for the presence of/IFN-Str.Orm’1I cells der_ived from normz_all HLA-BSmaIe donqrs usi_ng RNeasy
by ELISA (Endogen, Woburn, MA) spin columns (Qiagen), then purifying the poly(Ajraction using Olige
’ ’ ' tex (Qiagen) beads.

A 1.3-kb Pst-BanHI fragment of the UTY gene (corresponding to nt
2570-3882 of GenBank accession no. AF000994) was labeled>#th

Flow cytometry
Aliquots of 5% 10° cell hed in PBS/2% FCS, stained with Results
iquots of 5 X 10° cells were washed once in Q , stained wi ; _Ra. : )

a FITC-conjugated HLA-B8-specific mAb (One Lambda, Los Angeles, T_he gene enchlng the HLA-B8 restr'lcted H-Y Ag maps to
CA) or a FITC-conjugated murine IgG2a isotype control (Becton Dickin- €ither the proximal short arm or proximal long arm of the Y
son Immunocytometry Systems, Mountain View, CA), and analyzed in achromosome
FACSCalibur cytometer with Cellquest software (Becton Dickinson Im- The CD8" CTL clones MRR-2, MRR-17, and MRR-24 recog
munocytometry Systems). . .

nized EBV-LCL lines from HLA-B8 male donors, but not HLA-
STS content mapping of Y chromosome deletion mutants B8* female donors, suggesting that expression of the B8-restricted
Genomic DNA was isolated from EBV-LCL using QlAamp spin columns AQ Was Co.ntm”e‘j by agene orgenes on the Y chromosome (12).
(Qiagen, Chatsworth, CA), according to the manufacturer's instructions.T0 determine the location of this Y chromosome gene, these three
Oligonucleotide primer pairs specific for STSs previously mapped to the YCTL clones were assayed for Iytic activity against EBV-LCL de-
chromosome (18) were used to amplify via PCR the corresponding Yvjyed from individuals known to carry terminal deletions of the Y

chromosomal target sequences from genomic DNA of each cell line. Am- .
plification of STSs was performed in 28-reactions containing dATP, chromosome. Forty-one such EBV-LCL lines were screened by

dTTP, dCTP, and dGTP at 2Q0M each, 1.6 mM MgC), each primer at  110W cytometry for expression of HLA-B8. Nine lines that ex-
1 uM, 1 U platinumTagDNA polymerase (Life Technologies), and 500 ng pressed HLA-B8 were identified, and these were then tested as
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FIGURE 1. The gene encoding the HLA-B8-restricted H-Y epitope maps to the Y chromosome interval defined by the STSs sY69 and sY88. B8/H-Y
Ag expression (indicated in the columnugiper righ) in EBV-LCL lines derived from HLA-B8 individuals known to carry terminal deletions of the Y
chromosome was established by testing the lines in &*€hrelease assay with three B8/H-Y-specific CTL clones, MRR-2, MRR-17, and MRR-24, at

an E:T ratio of 10:1+, Indicates specific lysis 0F20%; —, indicates specific lysis 0£2%, with all three clones. Y chromosome content was determined

by testing genomic DNA extracted from each LCL line for the presence of 13 STSs previously mapped to the sHeft) @fdpng (Yq; right) arms of

the Y chromosome (18). The location of each STS along the 43-interval deletion map of the Y chromosome is indicated; the centromere maps to interval
4B, which is shaded gray. Y chromosome content of six of the LCL lines is shown by a double-ended arrow that encompasses all of the STSs for which
each line tested positive. Localization of the Yq breakpoint for lines WHT1162 and CO was further refined using published data (18)vém Hadf

of the figure, the deletion interval to which previously identified Y chromosome genes have been mapped is indicated (18, 23). The genes are organize
into two groups, testis-specific genes and widely expressed genes with X homologues, as previously defined (23). The AMELY gene, whose expressiol
appears limited to the developing tooth bud, is included in the latter category because it has an X homologue and is expressed outside theitestes (24). L

WHT950 was previously reported (16), line WHT1162 was initially published as patient 5 (15), WHT1869 was previously reported (18), and lines CO and
MN were previously reported (17).

targets for the three B8/H-Y-specific CTL clones in a &%¢r distal to deletion interval 5G, but proximal to deletion interval 50
release assay. Five of the LCL lines were lysed (specific lysigFig. 1). The other two lines, WHT1869 and WHT1162, appeared
>20% at an E:T ratio of 10:1 by all three clones), while the re-to have Yq breakpoints that mapped proximal to deletion interval
maining four were not (specific lysis2% at an E:T ratio of 10:1).  5G (Fig. 1). Significantly, all three lines were negative for the STS
Genomic DNA was harvested from each of the nine lines tosY123, which has previously been mapped to deletion interval 50
determine their Y chromosome content by the technique of ST®n the Y chromosome that is known to encode the SMCY gene
content mapping (18). Lines were scored for the presence or al{23). Thus, the results of STS content mapping excluded SMCY as
sence of six previously mapped STSs distributed over the shotthe gene encoding B8/H-Y and suggested that the gene or genes
arm of the Y chromosome (Yp) and seven STSs distributed ovecontrolling expression of B8/H-Y mapped to that region of the Y
the long arm (Yq) (18). All four LCL lines that failed to express chromosome defined by the STSs sY69 and sY88 and between
B8/H-Y were positive for one or more STSs on Yp, but negativedeletion intervals 4A and 5D (Fig. 1).
for all STSs on Yg. One of these lines, WHT950, was positive for
the five most distal Yp STSs of the six that were evaluated, thereby "€ UTY gene encodes the B8/H-Y Ag
excluding distal Yp as the locus for the B8/H-Y gene (Fig. 1). Of The region of the human Y chromosome lying between the mark-
the five LCL lines that were lysed by B8/H-Y-specific CTL, two ers defined by sY69 and sY88 has been shown in previous studies
(DP-53, MN) were positive for all six STSs on Yp and all seven to contain at least nine distinct expressed genes (23). Four of these
STSs on Yq; the remaining three lines were positive for all six ofgenes, PRY, TTY1, TTY2, and TSPY, are expressed exclusively
the Yp STSs tested, and for one or more of the STSs on proximah the testes (23), and another, AMELY, is expressed solely in the
Yg. One of these lines, CO, appeared to have a Yq breakpoindeveloping tooth bud (24). Thus, these five genes were thought
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FIGURE 2. Amino acid residues 566-573 of the UTY gene comprise the HLA-B8-restricted H-YAAGransient transfection of a UTY cDNA into

COS-7 cells reconstitutes the B8/H-Y epitope and stimulates TNF andylF®ease from B8/H-Y-specific CTL clone MRR-24. MRR-24 CTL were
cultured for 24 h in triplicate wells with COS-7 cells that had been transfected 48 h previously with vector pcDNA3 (Invitrogen) or pcDNA3 containing
a UTY cDNA, in conjunction with either pcDNA3/HLA-A3Q) or pcDNA3/HLA-B8 (A). Supernatants were harvested and assayed for the presence of
TNF (left) or IFN-y (right). The units on the ordinate of the TNF panlef{) were intentionally inverted so that, in both panels, increasing cytokine release
would be indicated in the upward directid®,. The B8/H-Y epitope is encoded by-al73-nt interval in the 5half of the UTY gene. B8/H-Y-specific CTL

from clone MRR-24 were cultured with COS-7 cells transfected with a HLA-B8 cDNA and UTY cDNAs with nesieleions, and the supernatants

were harvested after 24 h and assayed for TNF andykBlease. The size of each UTY cDNA is indicated by an arrow above a map of the UTY gene
(GenBank accession no. AF000994) on which the relative positions of the translation start and stop sites and several restriction sites arésdied. cDN
stimulated HLA-B8-dependent TNF and IFNrelease from MRR-24 CTL are indicated byin theright-hand columnThe amino acid sequence of the
predicted UTY protein encoded by the interval betweerReandNcd sites at nt 2570 and 2743, respectively, is aligned with the homologous sequence
from the X chromosome-encoded UTX gene. Residues at which there is identity between the two sequences are indicated by a vertical bar. Boxes are draw
around the octameric sequence LPHNHTDL in UTY and the homologous octameric sequence LPHNRTNL ofCUBXaluation of synthetic
LPHNHTDL and LPHNRTNL peptides for B8/H-Y epitope-reconstituting activity. Female HLA-EBV-LCL, derived from the hemopoietic cell donor

from whom the B8/H-Y-specific CTL were generated, were labeled overnighf¥ath then pulsed with various concentrations of each of the two peptides,

and used as targets for B8/H-Y-specific CTL clone MRR-24 in a 4-h cytotoxicity assay. The E:T ratio was 5:1. Comparable results were obtained with
B8/H-Y-specific CTL clones MRR-2 and MRR-17 (not shown), and the reproducibility of the results was demonstrated in three separate experiments.

unlikely to encode the B8/H-Y Ag. The other four, DFFRY, DBY, Y chromosome genes and their X chromosome homologues could
UTY, and TB4Y, are expressed in a wider range of tissues, in-have created a male-specific T cell epitope. Because the short (44-
cluding hemopoietic cells (23). All four genes also have functionalaa) protein encoded by the TB4Y gene contained within it no pep-
homologues on the X chromosome that encode similar, but notide sequences predicted to bind to the HLA-B8 molecule (25),
identical, proteins. Thus, sequence divergence between these foanalysis of this gene was not pursued further.
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FIGURE 3. Analysis of UTY gene expressioA, RNA dot-blot analysis of UTY expression in 50 different human tissues. An array of polyRAA
extracted from the human tissues shown in the legéeit) @nd adjusted to reflect a comparable level of transcriptional activity (RNA Master Blot;
Clontech) was probed with ¥P-labeled 1.3-kb UTY cDNA restriction fragment spanning the interval between nt 2570 andE38€arthern analysis

of UTY expression in cultured human cells. Poly(ARNA (1.5 ug/lane) from EBV-LCL (ane 1), dermal fibroblastsl&énes 2and3), and bone marrow
stromal cellsléne 4 derived from two normal HLA-B8 males was size fractionated on a formaldehyde/1.2% agarose gel and probed with the same 1.3-kb
UTY cDNA fragment as irA.

To determine whether DFFRY, DBY, or UTY encoded the B8/ (GenBank accession no. AF000994). This amino acid sequence
H-Y epitope, cDNAs for each of these genes were cloned intovas examined for octameric and nonameric peptides that (1) dif-
pcDNA3 and transiently cotransfected with a plasmid encodingfered by at least 1 aa from the corresponding sequence found in the
HLA-B8 or a plasmid encoding HLA-A3 into COS-7 cells. The protein encoded by the homologous UTX gene carried on the X
COS transfectants were then cultured with BS/H-Y-specific CTL chromosome, and (2) was compatib|e with the described sequence
and the supernatants assayed for the presence of TNF angt.IFN-mqtif for peptides binding to the HLA-B8 molecule (25). One such
Expression of the cDNAs for DFFRY and DBY together with peptide, the octamer LPHNHTDL, comprising residues 566-573,
HLA-B8 did not stimulate either TNF or IFN-release from B8/ gaisfied both criteria. This peptide differs at two residues with the
H-Y-specific CTL (data not shown). However, expression of a,tameric sequence found in the corresponding region of the pre-
uTyY cI_DI_\lA snm_ulated both TNF and IFNrre_Iease_from B8/H-  jicted UTX protein (LPHNHTDL vs LPHNRTNL) (Fig. B).
Y-specific CTL in a HLA-BS-dependen_t fash_lon (F_|gA)2 These To determine whether the B8/H-Y epitope corresponded to the
data demonstrated that the B8/H-Y epitope is derived from UTY'LPHNHTDL sequence from UTY, the peptide was synthesized

Identification of the B8/H-Y peptide and tested for its ability to sensitize female HLA-B&rget cells

The location of the B8/H-Y epitope within the UTY gene was tOPI—Pl/\ISII?STNbIE/ cfr?ég Znsdpi)r?mftlg recs-irdLljes-rgi—Og;aA,m:fntie pthr::g?o-
identified by generating a panel of nested deletions of the UTYL responaing . .
cDNA lacking variable amounts of thé Bortion of the UTY gene, gous UT>_( pr.oteln, V\.’h'Ch was also (_:ompatlble with the HLA-B8
and cotransfecting these with a plasmid encoding HLA-B8 intoP€Ptide-binding motif, was synthesized and tested as a control.
COS-7 cells. Three such UTY deletion mutants, terminating at thé €Malé HLA-B8" EBV-LCL and fibroblasts derived from the
EcoRI, Pst, andNcd restriction sites located at nt 2417, 2570, and ©figinal BMT donor were labeled overnight wiftiCr, incubated
2743 of the UTY gene (GenBank accession no. AF000994), refor 30 min at room temperature in medium containing 10-fold
spectively, were particularly informative. While transfection of the Serial dilutions of the two peptides ranging from 1 mM to 10 fM,
UTY gene fragment 5to the Ncd site along with HLA-B8 was and used as target cells for B8/H-Y-specific CTL clones MRR-2,
able to reconstitute B8/H-Y epitope in COS-7 cells, transfection ofMRR-17, and MRR-24. Target cells pulsed with the LPHNRTNL
either of the shorter'Sragments terminating at tHecoRl or Pst peptide were not lysed at any of the peptide concentrations tested
sites, respectively, was not (FigBR (Fig. 2C). However, cells pulsed with the LPHNHTDL peptide
The region between thest site andNcd site encoded residues were lysed by all three CTL clones at peptide concentrations above
~472 through~581 of the corresponding UTY protein sequence 1 nM, with half-maximal lysis seen at7 nM (Fig. 2C). Thus, the
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e EBV-LOL at least in part to infiltration by hemopoietic cells expressing UTY.
(A) 80 Very weak hybridization of the UTY probe with poly(A)RNA

70 4 ’/’\‘ T PHABlasts extracted from ovary and uterus was most likely attributable to
o oo 4~ AML Blasts cross-hybridization with transcripts from the UTX gene (23).
j>. 50 ./.\i —>=Fibroblasts Northern analysis of poly(A) RNA extracted from cultured hu
o —&—Stromal Cells man cell types demonstrated the presence of UTY transcripts in
’;E 40 1 hemopoietic cells such as EBV-transformed B cell lines as well as
& 30 nonhemopoietic cell types such as dermal fibroblasts and bone
® 20 —h— marrow stromal cells (Fig.B. In all three cell types, th@&st-
10 4 BanH| UTY probe hybridized with at least three distinct tran-
0 - —3% scripts measuring between 4.7 and 6.9 kb in size, similar to UTY
2.5:1 5:1 10:1 RNA species identified in previous studies (23). This probe hy-
Effector:Target Ratio bridized only very weakly with a single-6.9-kb transcript in
poly(A)™ RNA derived from female EBV-LCL and female fibro
(B) 100 - EEBV-LCL blasts (data not shown), and this again was most likely attributable
P Fibroblasts to cross-hybridization with transcripts from the UTX gene.
80 4 OStromal cells Despite the broad expression of the UTY_ gene as inferrt_ed from
* ; RNA analysis, expression of the B8/H-Y epitope as determined by
P 60 in vitro cytotoxicity assays showed clear cell-type specificity (12).
j B8/H-Y-specific CTL clones demonstrated robust lytic activity
% 40 + N against hemopoietic target cells such as cultured EBV-LCL, PHA-
;? 20 A stimulated T cell blasts, and primary leukemic blasts, but not
2 against cultured nonhemopoietic target cells such as dermal fibro-
0 2 blasts and bone marrow stromal cells derived from HLA"BBale
MRR-24 SKH-13 donors (Fig. #). The HLA-B8" male fibroblasts and bone mar
-20 - row stromal cells were not intrinsically resistant to lysis by CD8
CTL Clone minor H Ag-specific CTL because they were lysed by a CD8

FIGURE 4. Expression of the B8/H-Y epitope in cultured ce#s.Cy- ~ CTLclone S.peCiﬁC for a HLA-A2-restricted minor H Ag (FigBj )
tolytic activity of representative B8/H-Y-specific CTL clone MRR-24 Moreover, fibroblasts from HLA-B8 males pulsed with synthetic
against EBV-transformed B cell lines (EBV-LCL), PHA-stimulated T cell LPHNHTDL peptide were recognized by B8/H-Y-specific CTL as
blasts, acute myeloid leukemia (AML) blasts, fibroblasts, and bone marrovefficiently as female HLA-B8 EBV-LCL pulsed with peptide,
stromal cells derived from HLA-B8 males with cytogenetically normal Y with comparable levels of lysis and an identical concentration re-
chromosomesB, Cytolytic activity of CD8" CTL clones MRR-24 and  quired for half-maximal lysis (data not shown). Thus, the failure of
SKH-13, specific for B8/H-Y and a distinct minor H Ag presented by ggyH_y_gpecific CTL to recognize fibroblasts and bone marrow
HLA-A2, respectively, against EBV-LCL, fibroblasts, and bone marrow g,y celis from male HLA-B8 donors cannot be attributed to
stromal cells derived from a HLA-A2/HLA-B8™ normal male donor, at . . . .

i . i - L their inability to present Ag or be lysed by CTL, but is more likely
an E:T ratio of 5:1. The mean and SD of triplicate determinations are ) - P . :
indicated. due to insufficient levels or inefficient processing of UTY protein

in these cell types.

LPHNHTDL peptide sequence defines the HLA-B8-restricted H-Y Discussion

epitope derived from UTY. The results of this study demonstrate that the octameric peptide
) ) . LPHNHTDL of the human UTY gene defines a novel H-Y Ag
Expression of the UTY gene and of the B8/H-Y epitope in presented by HLA-B8. Using cell lines derived from HLA-B8

various tissues and cultured cell types males with terminal deletions of the Y chromosome as target cells

Previous studies have established that the human UTY gene i®er cytotoxicity assays, the gene controlling expression of the B8/H-Y
transcribed in spleen, thymus, peripheral blood leukocytes, prosepitope was localized to the Y chromosome interval defined by the
tate, testis, and small and large bowel (23). In an attempt to mor&TSs sY69 and sY88, which includes the UTY locus. Expression of
comprehensively define the expression of the UTY gene in differUTY, but not DFFRY or DBY, cDNAs in COS-7 cells stimulated
ent tissues, Northern blot analysis was performed using a dot-blIoGENF and IFN+y release from B8/H-Y-specific CTL in a HLA-B8-
array of poly(A)" RNA extracted from 50 different human tissues, dependent manner, and analysis of UTY cDNAs with nestete3

in which the mass of RNA from each tissue has been adjusted ttetions localized the epitope to a 173-nt interval in thén&lf of the
reflect comparable levels of transcriptional activity. Hybridization gene. The synthetic octameric peptide LPHNHTDL, corresponding to
with a32P-labeled 1.3-kb cDNA derived from thé portion of the  aa residues 566-573 of the UTY protein and encoded within the
UTY gene (spanning the region encoding the B8/H-Y epitope)critical 173-nt interval, sensitized target cells from HLA-B&males
confirmed the presence of UTY transcripts in a wide range ofto lysis by B8/H-Y-specific CTL. The synthetic LPHNRTNL peptide
tissues (Fig. B). Significant UTY expression was found in many corresponding to the homologous region of the X chromosome-en-
of the major organs tested, with the notable exception of the livercoded UTX protein showed no such sensitization.

which showed only a low level of UTY expression. When the blot The HLA-B8-restricted H-Y epitope is the third human H-Y Ag

in Fig. 3A was stripped and reprobed with®&P-labeled 1.4-kb identified to date, and it is likely that additional H-Y epitopes
cDNA derived from the human CD45 gene (spanning nt 1525—+emain to be identified (26). Each of the human H-Y epitopes
2963 of GenBank accession no. Y00638), CD45 transcripts weréound to date are encoded by either the SMCY (10, 11) or UTY
detected in several nonhemopoietic organs, including placentaenes, both of which belong to that class of Y chromosome genes
lung, appendix, small intestine, and stomach (data not shown}that have homologues on the X chromosome and are transcribed
This suggested that UTY expression in these organs might be dueidely in tissues outside the testes (23, 27). Although derived from
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a common ancestor, the X and Y isoforms of these genes havidote added in proof.Since submission of our manuscript, Pierce
diverged in sequence due to the lack of recombination between thet al. have reportedJ( Immunol. 163:6360 that the human
X and Y chromosomes over the vast majority of their length (28).DFFRY (USP9Y) gene encodes an HLA-Al-restricted H-Y Ag.
A second class of human Y chromosome genes characterized by

transcription exclusively in the testes has also been identified (Z%Cknowledgments

27). Whether this class of Y chromosome genes with testes-spe-

. - - - . We thank Alexander Rudensky (Howard Hughes Medical Institute and
cific expression can elicit responses from female T cells either iy A .

. L . . epartment of Immunology, University of Washington) for the use of the
vivo or in vitro remains to be determined.

. . . peptide synthesizer, and Laura Brown (Howard Hughes Medical Institute
A role for H-Y Ags in graft-vs-host disease (GVHD) occurring anq whitehead Institute) for generous assistance with EBV-transformed B

after MHC-matched allogeneic HCT has been suggested by studigg| jines.

in animal models and in humans. Some clinical studies have shown

that male recipients of female marrow are at an increased risk foReferences

the development of both GVHD (29) and therapeutic graft-vs-leu-
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