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Conservation of minor histocompatibility antigens
between human and non-human primates

It 1s well accepted that minor histocompatibility antigens (mHag) can function as
transplantation barriers between HLA-matched individuals Little 1s known
about the molecular natuie and evolutionary conservation of mHag It 1s only
very recently that the first human mHag were identified The HLA-A2 1-
restricted mHag HA-2 and the HLA-B7-restricted mHag H-Y appeared to be
peptides dertved from polymorphic self protemns Here we show that the HLA-
A2 1-restricted mHag HA-1, HA-2, and the H-Y peptides are conserved
between man, chimpanzees and rhesus macaques Human cytotoxic T cell clones
spectfic for the HLA-A2 1-restricted mHag HA-1, HA-2, and H-Y recognized
HLA-A21 gene-transfected chimpanzee and rhesus macaque cells High-
pressure hquid chromatography fractionation of HLA-A2 1-bound peptides 1so-
lated from the HLA-A2 1-transfected chimpanzee cells revealed that the chim-
panzee HA-1 and HA-2 co-eluted with the human HA-1 and HA-2 Subsequent
amino acid sequencing showed that the chimpanzee HA-2 peptide 1s 1dentical to
the human HA-2 peptide Our functional and brochemical results demonstrate
that mHag peptides are conserved for over 35 million years

Immunology Research, University
of Virginia, Charlottesville, USA
Departments of Chemustry and
Pathology, Unrversity of Virginia,
Charlottesville, USA

1 Introduction

Disparity for munor histocompatibility antigens (mHag)
between HLA-identical individuals can lead to graft-
versus-host disease (GVHD) atter bone marrow trans
plantation [1] MHag-specific HLA-1estricted T cell clones
can be generated ot PBMC from patients suffering trom
GVHD [2 3] Using T cell clones specific for mHag HA-1
HA-2, HA-4, and HA-5, we showed that these non-sex
linked mHag segicgate as Mendelian tiaits and ndepen
dently trom each other Each can be considered as the
product of a gene with two alleles [4] Population genetic
studies revealed that HA | and HA-2 appeared frequently
(69 % and 95 %), whereas HA-4 and HA-5 occurred with
lower frequencies (16 % and 8 %) mn the healthy popula-
tion [5] Recently, the fust two human mHag have becn
wdentified by amuno acid sequencing of the HLA-bound
peptides that were recognized by the mHag specitic T cell
clones The non-sex-linked HLA-A2 l-restricted mHag
HA-2 most probably origmates fiom a member of the
class I myosin protemn famuly {6] and the male-specific
HLA-B7 1estricted mHag H Y 1s derived (rom the Y
chtomosome-encoded SMCY (selected mouse cDNA on
the Y) protem [7] The SMCY gene was shown to be con
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served 1n evolution [8] However untl now no mniorma-
tron existed on the evolutionary conservation of human
non-sex inked mHag In the present study we nvestig
ated whether the human non-sex-linked HLA-A2 1
restricted mHag HA-1, HA-2, and HA-4 and the male-
spectftc HLA-AZ2 I-restricted mHag H Y are evolutionary
conseived For this functional studies biochemical puri
fication and amino acid scquence analyses were per
formed We transtected chimpanzee and rhesus macaque
B cell lines with the HLLA-A2 I restiiction molecule and
used these cells as target cells for recognition by the HLA-
A2 1 1estricted mHag-specific CTL clones Subsequently
the mHag HA-1 and HA-2 peptide were eluted trom the
transfected HLA-A2 1 chimpanzee cells and showed simi-
las HPLC elution patterns when compared with human
HA 1 and HA-2 peptides Sequence analysis of chimpan-
cee HA-2 1evealed an amuno aad sequence 1dentical to the
human HA-2

2 Materials and methods
2.1 Transfection and cell culture

Chimpanzee B cell lines were generated from six unrelated
chimpanzees dciived from the Biomedical Primate
Research Centre colony Theo (chimpanzee, 1, &), Pearl
(chimpanzec 2, ?), Debbie (chimpanzee 3, ), Brigitte
(chimpanzee 4, ?), Shernty (chimpanzee 5, ?), Japie
(chimpanzee 6, &) Two thesus macaque B ccll lines weie
gencrated from 2849 (rhesus macaque 1, 9) and IWM
(1hesus macaque 2, 3), both derived from the Biomedical
Primate Research Centre colony The cells were main-
tamed in RPMI 1640 medium containing 10 % fetal calf
serum and 3 mM 1 -glutamine Rhesus macaque cell lines
were cultuted i the presence of 06 ug/ml 3'-azido-3'-
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deoxythymidine Cells were transfected with pHEBO A2 1
by electroporation using a Bio-Rad Gene Pulser Cells
were routmely shocked at 960 wF, 210 Vn the presence of
62 5 pg/ml uncut plasmud DNA Cuvettes of 0 4 cm were
used, with about 12 x 10° cells 1n 0 8 ml phosphate-buf-
fered saline Transfected cell lines were mamntained in the
presence of 125-250 pug/ml hygromycin [9] The HLA-
A2 l-allospecific CTL clones 3E7 and 3E5, thc HLA-
A2 l-restricted HA-1-specitic CTL clone 3HAIS, the
HLA-A2 1-restricted HA-2-specific CTL clone 5H13, the
HLA-A2 1-restricted HA-4-specific CTL clones 5G30 and
5Gy8, and the HLA-A2 l-restricted H-Y-specific CTL
clone 1R35 were cultured by weekly stimulation with
irradiated allogeneic PBMC and B-lymphoblastoid cell
line (BLCL) cells in RPMI 1640 medium contaming 15 %
human serum, 3 mM L-glumtaine, 1 % leukoagglutinin A
and 20 U/ml recombinant IL-2 [5]

2.2 “'Cr-release assay

"'Cr-labeled target cells (5000) were incubated together
with different numbers of HLA-A2 I-allospecific and
mHag-specific CTL clones m 200 ul  Cr 1elease was
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determined after 4 h at 37°C The percent specific lysis
was calculated as follows percent specific lysis = |(experi-
mental release — spontaneous release)/(maximal relea-
se — spontaneous release] X 100 Spontancous releasec
and the maximal release were the *'Cr release of the target
cells m culture medium alone and in culture medium con-
taming 1 % Triton X-100, respectively

2.3 Peptide purification

Peptides were eluted out of purtfied HLA-A2 1 molecules
as described [6, 10] Briefly, HLA-A2 1 molecules were
purified from 2 05 X 10" transfected chimpanzee cells by
affimty chromatography with BB7 2-coupled CNBr
activated Sepharose 4B beads (Pharmacia LKB, Uppsala
Sweden) Peptides were eluted from the HLA-A2 1 mole-
cules by acid treatment and separated {from the HLA A2 1
heavy chain and $2-microglobulin by filtration over a 10-
kDa-cutoff Centricon (Amicon, Lexigton, MA) filter
Pepuides were tractionated using reverse-phase micro
HPLC (Smart System, Pharmacia) Buffer A was 01 %
trifluoroacetic actd (TFA), buffer B was 0 1 % TFA n ace-
tonitrile The gradient consisted of 100 % buffer A (0 to
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Figure I HLA-A2 1-transfected chimpanzee cell lines are lysed by HLA-A2 1-allospecific and by HLA-A2 L-restricted HA 1, 11A 2
and H~Y-specific CTL clones (A) Lysis by the HLA A2 1-allospeatfic CTL clone, (B) lysis by the HLA-A2 1-restrnicted HA-I-specific
CTL clone, (C) lysis by the HLA-AZ2 1 restricted HA-2 specific CTL clone, (D) lysis by the HLA-A2 1-restricted HA-4-specific CTL
clone, and (E) lysis by the HLA-A2 1 restricted H-Y-specific CTL clone  Solid hnes represent the HLA-A2 1 transfected cell hines, and
dotted lmes represent the nontransfected cell hines All E/T ratios tested were 20 1 and 2 1 except for chimpanzee 6 For both the
HLA A2 1 transfected and the nontransfected chimpanzee 6 ccll hine, E/T ratios of 13 1 and 13 1 were used for the HLA A2 |
allospecific CTL, E/T ratios of § 1and 05 1 werc used for the HA-4-specific CTL and E/T ratios of 11 1 and 11 1 were used tor the

HLA A2 1 restnicted H-Y CTL
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20 mun), 0 to 12 % buffer B (20 to 25 min), and 12 to 50 %
buffer B (25 to 80 mn) at a flow rate of 100 pl/min. Frac-
tions of 100 wl were collected. In the 3Cr-releasc assay,
2.5 ul of each fraction was diluted in 25 ul HBSS butfered
with 50 mM Hepes. *'Cr-labeled T2 cells (2500) were
mcubated with the fractions i 50 w! for 30 min at 37°C.
HA-2-specific T cells were added for an E/T ratio of 17:1
in final volume of 150 ul for 4 h at 37°C.

2.4 Mass spectrometry

Collision-activated dissociation spectra were recorded on a
triple-quadrupole mass spectrometer (Finigan-MAT, San
Jose, CA) operating with a two mass-unit window in quad-
rupole 1.

3 Results

3.1 Recognition of HLA-A2.1-transfected chimpanzee
and rhesus macaque B cell lines by human mHag-
specific CTL clones

Six unrelated chimpanzee (Pan troglodytes) and two unre-
lated rhesus macaque (Macaca mulatta) B cell lines were
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Frgure 2 HLA-A2 1-transfected rhesus macaque cell lines are lysed by HLA-AZ2.1-allospecific and by HLA-A2.1-restricted HA-1, HA-
2, and H-Y-specific CTL clones (A) Lysis by the HLA-A2 l-allospecific CTL clone, (B) lysts by the HLA-A2 1-restricted HA-1-
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transfected with the HLA-A2.1 gene and analyzed with
HLA-A2.1-restricted mHag-specific CTL clones in a >Cr-
release assay (Figs. 1, 2). All transfected cell lines were
recognized by the HLA-A2.1-allospecific CTL clone (Figs.
1A, 2A). Differences in lysis by the HLA-A2.1-allospecific
CTL clone was correlated with differences in HLA-A2.1
expression as determined by FACS analysis (data not
shown). The HA-1- and HA-2-specific CTL clones lysed
all six chimpanzee and two rhesus macaque cell lines,
whereas no HA-4 reactivity could be detected
(Figs. 1B-D; 2B~D). All HLA-A2.1-transfected male
chimpanzee and rhesus macaque cell lines were recognized
by the HLA-A2.1-restricted H-Y-specific CTL clone
(Figs. 1E, 2E). These results demonstrate that the HA-1,
HA-2, and H-Y T cell epitopes are functionally expressed
on these cells.

3.2 Chimpanzee HA-1 and HA-2 peptides have similar
HPLC retention times as human HA-1 and HA-2

To test the assumption that the endogenously processed
mHag HA-1 and HA-2 peptides in non-human primates
are 1dentical to the human HA-1 and HA-2, HLA-A2.1-
bound peptides were 1solated from an HLA-A2 -
transfected chimpanzee cell line as described [6, 10]. After
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speafic CTL clone, (C) lysis by the HLA-A2 1-restricted HA-2-specific CTL clone, (D) lysts by the HLA-A2 1-restnicted HA-4-specific
CTL clone, and (E) lysis by the HLA-A2 1-restricted H-Y-speciftc CTL clone Solid lines represent the HLA-A2.1-transfected cell lines

and dotted hines represent the nontransfected cell Iines E/T ratios (A) 1n (B) weie 10:1 and 1:1 tor the transfected as well as the non-

transfected rhesus macaque 1 cell line for all CTL clones except for the HA-1-specific CTL clone, where E/T ratios of 30: 1 and 31 were

used. For both the transtected as the nontransfected rhesus macaque 2 cell hne, E/T ratio A was between 7 1 and 20.1 and ratio B was

between 0 7 1 and 2 1 for the different CTL clones
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“Crrelease assay using HA 1 and HA 2
specific CTL clones as effector cells compared
with the HPLC elution profile of a reference
peptide (B) Activity of HPLC fractions of
HLA A2 1 eluted human peptides in a Cr
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in the chimpancee and the human HLA A2 ]
eluted peptides Both the chimpanzee and
human HA 2 active fractions were found at the
same positton when compared with the elution
profile of the reference peptide (solid line) The
human and chimpanzee HA 1 active fractions
eluted six and seven fractions earlier when com
pared with the HA 2 active fractions This shift
of one fraction of HA 1 15 within the norm il

s1sh7 9,

HPLC fractionation, the chimpanzee peptide fractions
were assayed with the mHag HA-1 and HA 2 <pecific CTL
clones For both HA-1 and HA-2 that were eluted from
the transfected chimpanzee cells, one peak ot activity was
found (Fig 3A) which was also observed for human HLA
A2 1 eluted peptides (Fig 3B) When the positions of the
HA 1 and HA-2 active fractions were compared to the elu
tion profile of a reference peptide that was run immedi-
ately before the eluted peptides, both the chimpanzee
HA-1 and HA-2 active fractions eluted approximately at
the same position as the human HA 1 and HA 2 active
fractions This suggests that the chimpanzee HA 1 and
HA-2 pepuides have similar biochemical properties as the
human HA-1 and HA-2 peptides

3.3 The chimpanzee and human mHag HA-2 peptide
sequence is identical

Recently, we identified the human mHag HA 2 as
YIGEVLVSV with a mass-to-charge ratio of m/z 978 [6]
Collision-activated dissociation (CAD) analysis by tandem
mass spectrometry of m/z 978 in the chimpanzee HA-2
positive fraction revealed the sequence YXGEVXVSV
(Fig 4A), which 1s 1dentical to the human HA-2 ammo
acid sequence (Fig 4B) Since the mass spectrometer we
used cannot differentiate between Leu and Ile (repre-
sented by X), 1t remains to be established whether positi-
ons 2 and 6 encode Leu or Ile, which 1s also true for the
human mHag HA-2 [6]

4 Discussion

Humans, chimpanzees and rhesus macaques share a com-
mon ancestor that lived 35 million years ago {11] The
divergence between man and chimpanzees took place
around 5 million years ago [12] The functional recognition
of the HLA-A21 transfected chimpanzee and rhesus
macaque cells by the H-Y, HA 1 and HA-2-specific CTL
and the biochemical peptide characterization of the non
human primate mHag clearly demonstrate that human

range of vanation between HPLC runs

mHag peptides are conserved for at least 35 million vcais
of primate evolution Thus the mHag proteins leading to
these mHag peptides are of functional importance Moic
over the mHag peptide identity shows that the proccssing
and presentation machinery n respect to mHag 15 con
served as well This underlines earlicr suggestions that the
processing and presentation machinery may be conscrved
between species n general It has been shown that H 2K
transfected human cells could present allopeptides to
mouse H 2K" restricted CTL [13] Furthermore lysis was
observed of H-2K%vaccinia virus-transfected rat Sviian
hamster, monkey and human cells by mouse H 2K!
restricted vaccima specific CTL [14]

Information on conservation of mHag 1s scarcc except for
the mHag H-Y Recently, both a human HLA B7-
restricted H-Y antigen and a mouse K“restricted H-Y
antigen were shown to be derived from the Y chromosome
encoded SMCY protein [7, 15] This protein 1s evolutio
narily conserved and expressed in both humans and mice
although the H-Y T cell epitopes are not Conservation of
an HLA-B27-restricted H-Y antigen has been described in
HLA-B27-transgenic mice and rats, however, human cells
were not recognized by the rat H-Y-specific HLA B27
restricted CTL [16] Although it remains to be cstablished
whether other H-Y mHag, like the HLA-A2 1 restricted
H-Y T cell epitope, are also encoded by the SMCY genc,
we show here that the HLA-A2 1-restricted H-Y peptide
15 also conserved n evolution

T'he phenotype frequencies of mHag HA-1, HA 2, and
HA-4 1n the HLA-AZ 1* Caucasian population arc 69 %
95 %, and 16 %, respectively [S] All the chimpanzee and
rhesus macaque HLA-A2 1-transfected cell lines analyzed
in this study expressed HA-1 and HA-2, whereas none
expressed HA 4 These results suggest that different phe
notype frequencies may exist for the mHag in non-human
primates Alternatively, the polymorphisms of the HA 1,
HA 2, and the HA 4 loc may have a nisen after the diver
gence between chimpanzee and man However, the num
ber of chimpanzee and rhesus macaque cell Itnes analyzed
in this study 1s teo low to draw any conclusions
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This study 15 the first demonstration of evolutionary con-
setvation of non-sex-linked human mHag On the one
hand, the identity of human and chumpanzee mHag may
have 1mplications for xenotransplantation Xenotraps-
plantation of non-human primate tissue can lead to T cell
responses to mHag peptides prescnted via the indirect
pathway On the other hand, our results show the possibil-
1ty to use non-human primates as a model to study bone
marrow transplantation-related (eactivittes such as GVHD
and graft-versus-leukemia reactions
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