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POLYMORPHISM OF ADHESION MOLECULE CD31 AND ITS ROLE IN ACUTE
GRAFT-VERSUS-HOST DISEASE

ESTHER BEHAR, PH.D., NELSON J. CHAO, M.D., DEBRA D. HIRAKI, PH.D., SHALINI KRISHNASWAMY, M.D.,
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Abstract Background. Graft-versus-host disease (GVHD)
caused by poorly defined minor (i.e., other than HLA) his-
tocompatibility antigens remains a serious problem in re-
cipients of bone marrow transplants. We sought to deter-
mine whether the CD31 adhesion molecule is a minor
alloantigen.

Methods. We directly sequenced samples of comple-
mentary DNA (cDNA) encoding CD31 molecules from 21
unrelated normal subjects. Sequence-specific primers were
then designed to amplify alleles by the polymerase chain re-
action, thereby permitting CD31 typing of genomic DNA
from additional normal subjects. To assess the relevance
of CD31 matching to bone marrow transplantation, we per-
formed CD31 typing of 46 recipients of bone marrow (32
without GVHD and 14 with severe [grade Ill or IV] acute
GVHD) and their HLA-identical sibling donors. The immu-
noreactivity of CD31 phenotypes with anti-CD31 mono-
clonal antibodies was compared by flow cytometry.

Results. Direct sequencing of cDNA for CD31 from

RAFT-VERSUS-HOST disease (GVHD) is a fre-
quent and often fatal complication of allogeneic
bone marrow transplantation. Chemoprophylaxis of the
recipient, reduction of the number of T cells in the donor
marrow, or both have improved the outcome, but acute
GVHD still occurs in 10 to 40 percent of recipients, even
when the donor is a sibling who is genotypically identical
at the major histocompatibility (HLA) locus."* GVHD
in recipients of HLA-identical marrow has been attribut-
ed to incompatibility between minor histocompatibility
antigens. Currently, differences at such minor loci are
detectable in a limited way and only by complex tests of
cytotoxic T lymphocytes; moreover, the molecular poly-
morphisms corresponding to minor-locus alloantigens in
humans have not yet been identified.”!!

We postulated that a likely site for minor-locus
alloantigens would be the cell surface of vascular endo-
thelial cells, a point of first contact between transplant-
ed tissue and its host. However, alloantigens on vascular
endothelial cells have not been well characterized by
biochemical techniques or the use of alloantibodies.'*"?
We therefore sought polymorphisms in genes encoding
molecules on the surface of such cells, as a way of iden-
tifying new alloantigenic systems. The molecule selected
for study was the platelet—endothelial-cell adhesion
molecule 1 (PECAM-1, or CD31), a 120-to-130-kd mem-
brane glycoprotein that is constitutively expressed on
vascular endothelial cells, bone marrow stem cells, plate-
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the 21 normal subjects identified a single polymor-
phism, CTG - GTG (Leu - Val), at codon 125; we des-
ignated the resulting alleles CD31.L and CD31.V, re-
spectively. The CD31 genotypes of these and 142
other unrelated subjects were of the expected frequen-
cies. Among the transplant recipients, 71 percent of
those with acute GVHD had CD31 genotypes that were
not identical to the donor’s genotype, as compared
with 22 percent of the recipients without GVHD
(P =0.004). The binding of anti-CD31 monoclonal anti-
bodies as measured by fluorescence-activated cell
sorting correlated with the CD31 types of homozygous
cell lines.

Conclusions. The adhesion molecule CD31 is polymor-
phic. When donor and recipient genotypes are not identical,
the risk of GVHD increases. Prospective CD31 typing may
reduce the risk of acute GVHD. (N Engl J Med 1996;334:
286-91.)

01996, Massachusetts Medical Society.

lets, and most circulating leukocytes.?**" A member of
the immunoglobulin superfamily, the CD31 molecule
has eight protein domains — six extracellular, one trans-
membrane, and one cytoplasmic. Four CD31 sequences,
obtained from independently cloned samples of comple-
mentary DNA (cDNA), have been published.?*???* They
show eight nonrecurring discrepancies in amino acids
scattered throughout the extracellular domains, suggest-
ing polymorphism of CD31. To test this possibility, we
studied the two parts of the extracellular domains of
CD31 that have the most numerous reported discrepan-
cies in the sequence (codons 97 through 158 and 347
through 416). We found a polymorphism of CD31 that
correlated with the results of phenotyping using anti-
CD31 monoclonal antibodies and with the occurrence of
acute GVHD in patients who had received bone marrow
transplants.

METHODS
Molecular Biologic Techniques

CD31 polymorphism was first identified by direct automated se-
quencing of the targeted regions of ¢cDNA from randomly selected,
unrelated subjects. This method avoids artifacts of cloning and per-
mits the identification of heterozygous bases.?> We first extracted total
RNA using Trizol (GIBCO BRL, Gaithersburg, Md.) from cultured
umbilical-vein endothelial cells from 12 normal infants and peripher-
al-blood mononuclear cells from 9 randomly selected normal blood
donors. These RNA samples were reverse-transcribed, and the cDNA
was amplified by the polymerase chain reaction (PCR) with Gene
Amp RNA PCR kits (Perkin-Elmer Cetus, Branchburg, N.J.) and
primer pairs 1, 2, and 3 (Table 1), designed to amplify the regions of
interest in the CD31 molecule. One member of each pair of primers
was biotinylated. The other member of the pair was used as the se-
quencing primer and was fluoresceinated directly, or the sequencing
reaction was labeled with fluorescein-labeled deoxyadenosine triphos-
phate. Using as template the single-strand biotinylated PCR product,
which was immobilized on streptavidin-coated magnetic beads (Dy-
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nal, Oslo, Norway), we sequenced cDNA directly. The reactions were
performed with T7 sequencing kits (Pharmacia, Uppsala, Sweden),
and the results were interpreted with an Automated Laser Fluorescent
DNA sequencer (Pharmacia). The positions of the codons in the cDNA
are cited according to the nucleotide-sequence data base of the Europe-
an Molecular Biology Laboratory (accession number, M 28526), as sub-
mitted by Newman et al.,”” and the positions of the introns are given
as in the sequence described by Kirschbaum et al.?* The codons we
expected to be polymorphic corresponded to discrepancies identified
by comparing published sequences of CD31.20:2%:24:26

Sequence-specific primers (primer pairs 4 and 5, Table 1) were then
designed for allele-selective amplification by PCR of the genomic se-
quences from codons 97 through 158. These primers were used to test
142 randomly selected samples of DNA from unrelated subjects that
were available in our tissue-typing laboratory. Genomic DNA was ex-
tracted (Biosynthesis, Lewisville, Tex.) and amplified by PCR with
the sequence-specific primers for 35 cycles (M] Research, Watertown,
Mass.) of 94°C for one minute, 63°C for one minute, and 72°C for one
minute in PCR reagents (Perkin-Elmer Cetus). The PCR products
were electrophoresed on agarose gel to determine the presence or ab-
sence of bands representing each targeted allele.

Fluorescence-Activated Cell Sorting

We used three murine antihuman CD31 monoclonal antibodies:
1133 (Becton Dickinson, Mountain View, Calif.), 7E8,%” and EF70
(provided by E. Engleman, Stanford University). Umbilical-vein en-
dothelial cells were incubated at 4°C for 30 minutes with each anti-
body individually, washed with phosphate-buffered saline, and then
incubated at 4°C for 30 minutes with fluoresceinated goat antimouse
immunoglobulin (Tago, Burlingame, Calif.) before analysis by fluo-
rescence-activated cell sorting with a flow cytometer (Epics, Coulter,
Hialeah, Fla.). Values for the mean channel number associated with
cach peak were calculated after conversion from a log scale to a linear
scale and subtraction of the background values. Differences of fewer
than 30 channels were considered to be not significant.

Selection of Patients

All protocols were approved by the Institutional Review Board at
Stanford University. Informed consent was obtained from each
patient (and each normal subject or parent of a normal infant). Each
patient had received bone marrow from an HLA-identical sibling.
GVHD was diagnosed and graded as a consensus of the opinions of
the attending transplant physicians, according to previously pub-
lished, standard clinical criteria,?*? summarized as follows. The hall-
marks of grade III acute GVHD are a maculopapular eruption in-
volving 25 to 50 percent of the body-surface area or generalized
erythroderma, moderately elevated serum bilirubin concentrations
(3.0 to 14.9 mg per deciliter [51 to 255 umol per liter]), moderate di-
arrhea (more than 60 ml of stool per kilogram of body weight per day
or more than 1500 ml per day), and marked general clinical impair-
ment. The most important criteria for grade IV acute GVHD are gen-
eralized erythroderma with the formation of bullac and often with
desquamation, very high serum bilirubin concentrations (=15 mg per
deciliter [256 umol per liter]), severe diarrhea (more than 90 ml of
stool per kilogram per day or more than 2000 ml per day, with ab-
dominal pain), and extreme clinical impairment. To minimize uncer-
tainty in the grading of acute GVHD, we compared only the two most
clear-cut diagnostic groups: patients with no GVHD for at least 100
days after transplantation and patients with severe (i.e., grade III or
IV) acute GVHD. This design excluded patients with chronic GVHD
or mild acute GVHD (groups that together constitute approximately
half of our patients undergoing bone marrow transplantation), but it
also eliminated diagnostic ambiguity and avoided the problem of de-
termining whether chronic and acute GVHD are different diseases.

DNA was selected for CD31 testing solely on the basis of the avail-
ability of samples obtained before transplantation that had been kept
frozen in the clinical laboratory after routine pretransplantation test-
ing for HLA loci and DNA microsatellites. There was DNA from
32 patients without GVHD and 14 patients with acute GVHD, a
yield that approximated the ratio of patients in those two groups at
our institution? (and unpublished data). The personnel performing
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the CD31 typing were kept unaware of the classification of each pa-
tient’s GVHD.

We compared the CD31 alleles in the recipients of bone marrow
with the alleles in their HLA-matched sibling donors and determined
whether the CD31 genotypes were identical, compatible (i.e., the re-
cipient had no CD31 alleles that were foreign to the donor), or mis-
matched (i.e., the recipient had a CD31 allele that was foreign to the
donor) for GVHD.

Statistical Analysis

The goodness of fit to the Hardy—Weinberg equilibrium®’ and the
statistical significance of differences between groups were calculated
by Fisher’s exact test (two-tailed) for all two-by-two tables, by the
rank-sum test (two-tailed) for differences in ages, and by the chi-
square test for all other tables.®! Odds ratios and 95 percent confi-
dence intervals were computed by standard methods.*

RESULTS

Molecular Polymorphism

The sequencing of ¢cDNA from cultured umbilical-vein
endothelial cells from 12 infants and peripheral-blood
mononuclear cells from 9 blood donors revealed a poly-
morphism in the targeted regions of the CD31 gene and
distinguished homozygotes bearing different genotypes
from each other and from heterozygotes (Fig. 1). A fre-
quent CTG - GTG substitution was found in codon 125
of domain 1, corresponding to the presence of a Leu-125

Intensity

A G CG T
Bases

A CC T T G G

Figure 1. Results of Direct Sequencing of cDNA to Detect Poly-
morphism of CD31 Molecules.

The figure shows typical results obtained when primer pair 1 (as
defined in Table 1) is used as described in the Methods section
to amplify its target region in samples of cDNA from three sub-
jects. In each panel, the positions of the bases are shown on
the horizontal axis, and the intensity of fluorescence for each
band of the sequencing gel is shown on the vertical axis. The
arrows indicate the position of the first base of codon 125 —
C in the top panel (showing a Leu homozygote), G in the mid-
dle panel (a Val homozygote), and C/G in the bottom panel
(a Leu/Val heterozygote).
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or a Val-125 allele, respectively, which we provisionally
designated CD31.L and CD31.V. No other polymorphism
was seen. In particular, the polymorphisms suggested by
other investigators to be present at codons 113, 131, 375,
and 391 were not found in any of the 21 samples (i.e., the
42 haplotypes) we sequenced (Table 1).

We assessed the genomic sequences of CD31 in DNA
samples from 142 unrelated, randomly selected normal
subjects, 38 of whom were white, using allele-specific
PCR amplification (Table 1). With this method, a 342-
base-pair band was produced only by the CD3ILL
alleles with primer pair 4 and only by the CD3LV
alleles with primer pair 5. Among the 163 subjects stud-
ied overall, the combined frequencies of CD31.L. ho-
mozygotes (0.30), CD3LV homozygotes (0.28), and
CD31.L/CD31.V heterozygotes (0.42) were a good fit
(chi-square, 3.04; P=0.24) to the Hardy—Weinberg equi-
librium, as was the fit when only the smaller subgroup of
whites was used.

Immunoreactivity

We sought evidence of an immunologic difference
between the two CD3I alleles by flow-cytometric anal-
ysis of cultured umbilical-vein endothelial cells homozy-
gous for CD31, using three anti-CD31 monoclonal an-
tibodies. Figure 2 shows that antibody L133 bound
equally to cells of both homozygous types, whereas an-
tibody 7E8 bound to cells of the CD31.L type two to

Table 1. Identification of CD31 DNA Polymorphism.
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four times more than to those of the CD31.V type. An-
tibody EF70 bound 1.6 to 1.7 times more to cells of the
CD3L.L type than to those of the CD3LV type. This
differential immunoreactivity was also seen in pairwise
comparisons among the seven other umbilical-vein en-
dothelial cell lines homozygous for either CD3L.L or
CD31.V that were tested with the three monoclonal an-
tibodies (data not shown).

Association with GVHD

We sought to determine the clinical relevance of the
CD31 Leu - Val polymorphism in patients who had re-
ceived bone marrow from sibling donors with HLA-
identical genotypes. Because current protocols of bone
marrow transplantation are rarely complicated by graft
rejection, the more frequent problem of GVHD was
chosen as an outcome measure of non-HLA histoin-
compatibility."* Patients with no GVHD were com-
pared with those who had grade III or IV acute GVHD.
These two well-defined groups had similar clinical char-
acteristics (Table 2) before transplantation and a simi-
lar distribution of HLA and ABO antigens (data not
shown). Among the characteristics generally agreed to
affect the risk of acute GVHD (age, disease status,
GVHD prophylaxis, and whether or not the donor and
the recipient are of the same sex),?* only the median
ages of the two groups differed significantly (the pa-
tients with acute GVHD were older).

The results of CD31 typing of the
patients and their donors are shown

PRIMER PAIRS* TARGET

EXPECTED}

Used in direct sequencing of cDNA (n=21)§

Pair 1 115,125, 151
5'GCACAGAGAGTTATTTTATTCCTG Codon 97 (domain 1)
5'CAATTGTGAAGTGTATTGGGG Codon 158 (domain 2)

Pair 2 375, 391
5'"ACTCAAGATTTCACCAAGATAGCC Codon 347 (domain 4)
5'CTTTTATGACCTCAAACTGGGC Codon 408 (domain 5)

Pair 3 375, 391

5'GTGAAAGACTGAACCTGTCCTGC
5'CATAAGAAATCCTGGGCTGGG

Used in PCR amplification of genomic DNA
(m=142)q

Pair 4 CTG (Leu-125) allele —
5'CTGCCTTCCTTCGGGTTGCA End of intron 2
5'CAAGGACTCACCTTCCACCAACAG Codon 125

Pair 5 GTG (Val-125) allele —
5'CTGCCTTCCTTCGGGTTGCA End of intron 2
5'CAAGGACTCACCTTCCACCAACAC Codon 125

Codon 376 (domain 4)
Codon 416 (domain 5)

PoLYMORPHIC CODONS 125%
OBSERVED L V L/V

in Table 3. CD31 genotypes were dis-
tributed similarly in the two groups.
In contrast, the groups differed sig-
nificantly (P=0.004) when the do-
no. of nor-recipient pairs were compared

subjects with regard to CD31 identity; non-

4 710 identical CD31 types were more fre-

125 quent (71 percent, or 10 of 14 pa-
tients) among the recipients with

None acute GVHD than among the recip-
ients without GVHD (22 percent,
or 7 of 32 patients). The odds ratio
for acute GVHD in patients with
CD31-nonidentical donors, as com-
pared with patients who had CD31-
identical donors, was 8.9 (95 percent
confidence interval, 2.3 to 35.2). In-
compatibility (as compared with the
immunologically more stringent char-
acteristic of nonidentity) between the

PHENOTYPE
AT CODON

None

45 38 59

*For each pair shown, the first primer listed is the forward primer, and the second is the reverse primer. The forward
primer in pair 1 had an additional, unique 5’ extension of 5’CGACGTTGTAAAACGACGGCCAGT matching the M13U

sequencing primer in the Pharmacia sequencing kit.

FL denotes homozygosity for leucine, V homozygosity for valine, and L/V heterozygosity for leucine and valine.
$These codons were expected to contain polymorphisms on the basis of discrepancies identified in published sequences

of CD31, as described in the Methods section.

§Based on the study of cultured umbilical-vein endothelial cells from 12 normal infants and peripheral-blood mononu-

clear cells from 9 randomly selected normal blood donors.

qBased on the study of 142 randomly selected DNA samples from unrelated subjects that were available in the tissue-

typing laboratory.

recipient and the donor regarding
CD31 was also a significant risk fac-
tor for acute GVHD (odds ratio, 7.2;
93 percent confidence interval, 1.6 to
32.7, P=0.03).

Because children have GVHD
less often than adults, we analyzed
the data again after excluding the
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six patients under the age of 18 years, a group in which
five patients had no GVHD and one had acute GVHD.
When only adults were considered (median age among
those without GVHD, 31 years; among those with acute
GVHD, 36 years; P=0.04), CD31 nonidentity became
an even greater risk factor for GVHD (P=0.001). Non-
identity was found in 10 of the 13 patients with acute
GVHD (77 percent), but only 5 of the 27 patients with-
out GVHD (19 percent; odds ratio, 14.7; 95 percent
confidence interval, 3.2 to 67.6).

DI1SCUSSION

The HLA system of major histocompatibility anti-
gens is well understood in humans, but little is known
about other clinically important alloantigens. We stud-
ied the CD31 adhesion molecule as a possible minor al-
loantigen because of its tissue distribution and suspect-
ed heterogeneity in the population. We identified an
allelic Leu - Val polymorphism at codon 125 of the
CD31 gene. Because we identified no other replace-
ments at codon 125 in the 42 haplotypes we sequenced
and because the frequencies of the various genotypes
among the patients we tested fit the Hardy—Weinberg
equilibrium, the Leu and Val alleles accounted for the
great majority (approximately 98 percent) of the poly-
morphisms at that codon. We could not verify the ami-
no acid replacements reported by others at codons 113,
151, 375, and 391. These apparent variations in findings
may be due to errors in cloning or sequencing or to the
presence of rare, as yet unvalidated alleles (with gene
frequencies of 0.02 or less).

The distribution of the alleles at codon 125 correlated
with the ability of homozygous cell lines to react with
particular anti-CD31 monoclonal antibodies. It is known
that a single Leu - Val substitution in immunoglobu-
lin light chains gives rise to allotypes that can be dis-
tinguished with the use of alloantibodies® and that a dif-
ference of a single amino acid between allelic forms of
cell-surface molecules can cause the production of allo-
antibodies. Examples are the exchange of proline for leu-
cine at codon 33 of the platelet-specific HPA-1 antigen*
and the exchange of aspartic acid for leucine at codon
156 of the HLA B44 allele. The rejection of bone mar-
row allografts has been traced to the difference of a sin-
gle amino acid between the HLA B44 alleles.?

The immunogenicity of minor histocompatibility an-
tigens can be determined definitively in vivo on the
basis of graft rejection or the occurrence of GVHD
among recipients of HLA-identical grafts. We therefore
looked for a relation between CD31 matching and
GVHD in patients who had received bone marrow from
siblings with the same HLA genotype. Recipients of
marrow from CD31-nonidentical donors had a substan-
tially higher risk of acute GVHD than recipients of
CD3l-identical marrow. As expected,?* the median age
of the patients without GVHD was lower than that of
those with acute GVHD.

We used CD31 identity between the graft and the
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10° 10’ 102 10° 10*
Intensity of Fluorescence

Figure 2. Fluorescence-Activated Cell-Sorter Analysis of Bind-
ing of Anti-CD31 Monoclonal Antibodies to Umbilical-Vein Endo-
thelial Cells.

Three anti-CD31 monoclonal antibodies were incubated individ-
ually with umbilical-vein endothelial cells from CD31.L homozy-
gote cell line 69E (dashed lines) and CD31.V homozygote cell
line 63E (solid lines). Channels showing the relative intensity of
fluorescence are shown on a log scale on the horizontal axis,
and relative numbers of cells per channel on the vertical axis.
The top panel shows a control consisting of phosphate-buffered
saline, the middle panel antibody 7E8, and the bottom panel an-
tibody L133. The values for the mean channel number associ-
ated with each peak obtained with antibody 7E8 were 208 for
cell line 69E and 87 for 63E; with antibody L133, they were 277
and 276, respectively.

host rather than compatibility (in which the recipient
had no CD31 alleles that were foreign to the donor) to
assess the relation between CD31 and acute GVHD.
This approach required no preconceived notions about
mechanisms or directions of compatibility and averted
the need to address poorly understood phenomena of
transplantation, such as hybrid resistance.’®* Never-
theless, when we analyzed the CD31 compatibility (rath-
er than identity) of the host with the graft, the results
were similar. CD31 thus appears to be a clinically im-
portant minor histocompatibility antigen in humans.
The occurrence of GVHD in some recipients of
CD3l-identical marrow indicates that CD31 alloanti-
gens are not the exclusive determinants of transplanta-
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tion compatibility at minor loci, a finding consistent
with reports about other minor histocompatibility mark-
ers.”! The clear involvement of the CD3I alleles in
GVHD has potentially important clinical implications.
Prospective matching for CD31 alleles may reduce the
risk of GVHD in patients undergoing bone marrow
transplantation by affording the opportunity to select
among suitable related donors with HLA-identical gen-
otypes or among unrelated, HLA-matched donors when
more than one such donor is available.

Other, more complex, explanations for the associa-
tion between CD31 and GVHD are possible. For exam-
ple, in the CD31 segments we did not sequence there
could be amino acid substitutions that contribute to al-
loantigenicity and are found predominantly with specif-
ic alleles at codon 123. Alternatively, CD31 alleles may
serve only as markers for other minor histocompatibil-
ity loci that are linked to CD31 on chromosome 17.%%
However, the immunologic difference between the two
CD31 phenotypes is consistent with the hypothesis that
CD31 itself has alloantigenicity.

CD31 is believed to have a role in attracting leuko-
cytes to inflammatory sites, the activation of lympho-

Table 2. Clinical Characteristics of the Transplant
Recipients Studied.

No ACUTE
GVHD GVHD P

CHARACTERISTIC (N=32) (N=14) VALUE
Age (yr) 0.03
Median 29 35
Range 6-51 12-54

no. of patients

Sex 0.86
Male 18 9
Female 14 5
Race or ethnic group 0.36
White 21 10
Hispanic 5 2
Asian 6 1
Black 0 1
Disease status*® 0.11
Early 25 9
Intermediate 5 1
Advanced 2 4
Sex 0.84
Donor and recipient same sex 13 7
Donor female, recipient male 8 3
Donor male, recipient female 11 4
GVHD prophylaxis in addition to 0.42
cyclosporine
Prednisone 15 9
Methotrexate 15 5
Both 2 0
Diagnosis 0.68
Acute lymphocytic leukemia 9 2
Acute myelogenous leukemia 9 6
Chronic myelogenous leukemia 8 3
Myelodysplastic syndrome 0 1
Non-Hodgkin’s lymphoma 4 1
Refractory anemia with excess 1 1
blast cells
Thalassemia 1 0

*Early denotes disease in a first chronic phase or a first complete remis-
sion; intermediate, disease in a second complete remission or a first re-
lapse; and advanced, disease in a third or subsequent complete remission,
a second or subsequent relapse, or a blast crisis.

Table 3. Relation of CD31 Polymorphism to
the Occurrence of GVHD.

No ACUTE
GVHD GVHD P

CD31 StATUS (N=32) (N=14) VALUE
Recipient’s genotype 0.69
CD31.L homozygote 15 8
CD31.V homozygote 5 1
CD31.L/V heterozygote 12 5
Genotypes of donor and re-
cipient
Identical 25 4
Nonidentical
Both homozygous 1 2
Heterozygous donor, 4 4
homozygous recipient
Homozygous donor, 2 4
heterozygous recipient
Genotypes matched for 0.004
identity
Identical 25 4
Nonidentical 7 10
Genotypes matched for 0.03
compatibility*
Compatible 29 8
Incompatible 3 6

*If the recipient has no CD31 alleles that are foreign to the do-
nor, the genotypes are considered compatible; if any CD31 al-
leles found in the recipient are not also found in the donor, the
genotypes are considered incompatible.

cytes, interactions between leukocytes and endothelial
cells, and perhaps angiogenesis.?** It would be inter-
esting to know whether the CD31 polymorphism we
found affects these physiologic functions differentially
and whether the functions have a role in the relation
between CD31 polymorphism and GVHD.
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Dr. E. Engleman, Stanford, Calif.,, for the EF70 antibody; to Dr.
E. Gazit, Tel-Hashomer, Israel, and Dr. M. Amylon, Stanford, for
DNA samples from their patients; to Dr. P. Bryant, Portsmouth, Va.,
for human umbilical-vein endothelial cells; to Dr. A. Ginat, Stanford,
for technical suggestions; to Drs. G. Long, K. Blume, and H. Suss-
man, Stanford, and Dr. L. Rosenbaum, Santa Cruz, Calif., for critical
review of the manuscript; to the staff of the Stanford Histocompati-
bility and Bone Marrow Transplant Laboratories for their assistance;
and to Ms. M. Guzman for her secretarial perseverance.

REFERENCES

1. Ferrara JLM, Deeg HJ. Graft-versus-host disease. N Engl J Med 1991;324:
667-74.

2. Chao NJ, Schmidt GM, Niland JC, et al. Cyclosporine, methotrexate, and
prednisone compared with cyclosporine and prednisone for prophylaxis of
acute graft-versus-host disease. N Engl J Med 1993;329:1225-30.

3. Hansen JA, Anasetti C, Martin PJ, Mickelson EM, Petersdorf E, Thomas
ED. Allogeneic marrow transplantation: the Seattle experience. In: Terasaki
PI, Cecka JM, eds. Clinical transplants 1993. Los Angeles: UCLA Tissue
Typing Laboratory, 1994:193-209.

4. Sullivan KM. Graft-versus-host disease. In: Forman SJ, Blume KG, Thomas
ED, eds. Bone marrow transplantation. Oxford, England: Blackwell Scien-
tific, 1994:339-62.

5. Pierson GR, Elkins WL. Limited polymorphism of minor histocompatibility
loci in relation to bone marrow transplantation. In: Gale RP, Champlin R,
eds. Progress in bone marrow transplantation. Vol. 53 of UCLA symposia
on molecular and cellular biology. New York: Alan R. Liss, 1987:307-
14.

Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



Vol

10.

11.

12.

13.

14.

15.

17.
18.

20.

21.

22.

23.

. 334

No. 5

. van Els CACM, D’Amaro J, Pool J, et al. Inmunogenetics of human minor

histocompatibility antigens: their polymorphism and immunodominance.
Immunogenetics 1992;35:161-5.

. Sekimata M, Griem P, Egawa K, Rammensee HG, Takiguchi M. Isolation

of human minor histocompatibility peptides. Int Immunol 1992;4:301-4.

. Marijt WAF, Veenhof WFJ, Goulmy E, Willemze R, van Rood JJ, Falken-

burg JHE. Minor histocompatibility antigens HA-1, -2-, and -4-, and HY-
specific cytotoxic T-cell clones inhibit human hematopoietic progenitor cell
growth by a mechanism that is dependent on direct cell-cell contact. Blood
1993:82:3778-85.

. van der Harst D, Goulmy E, Falkenburg JHF, et al. Recognition of minor

histocompatibility antigens on lymphocytic and myeloid leukemic cells by
cytotoxic T-cell clones. Blood 1994;83:1060-6.

Vinci G, Masset M, Semana G, Vernant JP. A human minor histocompati-
bility antigen which appears to segregate with the major histocompatibility
complex. Transplantation 1994;58:361-7.

den Haan JMM, Sherman NE, Blokland E, et al. Identification of a graft ver-
sus host disease-associated human minor histocompatibility antigen. Sci-
ence 1995;268:1476-80.

Stastny P, Nunez G. The role of endothelial and monocyte antigens in kid-
ney transplantation. In: Towaraine JL, Traeger J, Betuel H, et al., eds. Trans-
plant and clinical immunology. Amsterdam: Excerpta Medica, 1981:132-9.
Brasile L, Zerbe T, Rabin B, Clarke J, Abrams A, Cerilli J. Identification of
the antibody to vascular endothelial cells in patients undergoing cardiac
transplantation. Transplantation 1985;40:672-5.

Cerilli J, Clarke J, Abrams A, Brasile L. Significance of vascular endothelial
cell antigen. Transplant Proc 1987;19:4468-70.

Moraes JR, Pettaway C, Stastny P. Prediction of early kidney transplant re-
jection by a crossmatch with donor skin. Transplantation 1989;48:951-2.

. Kalil J, Guilherme L, Neumann J, et al. Humoral rejection in two HLA iden-

tical living related donor kidney transplants. Transplant Proc 1989;21:711-3.
Antibodies to endothelial cells. Lancet 1991;337:649-50.

Dunn MJ, Crisp SJ, Rose ML, Taylor PM, Yacoub MH. Anti-endothelial an-
tibodies and coronary artery disease after cardiac transplantation. Lancet
1992;339:1566-70.

. Behar E, Bryant P, Taidi-Laskowski B, Kalil J, Grumet FC. Cell surface an-

tigen stability of cultured human umbilical vein vascular endothelial (VEC)
cells. Tissue Antigens 1994;44:332-4.

Newman PJ, Berndt MC, Gorski J, et al. PECAM-1 (CD31) cloning and re-
lation to adhesion molecules of the immunoglobulin gene superfamily. Sci-
ence 1990;247:1219-22.

DeLisser HM, Newman PJ, Albelda SM. Molecular and functional aspects
of PECAM-1/CD31. Immunol Today 1994;15:490-5.

Simmons DL, Walker C, Power C, Pigott R. Molecular cloning of CD31, a
putative intercellular adhesion molecule closely related to carcinoembryon-
ic antigen. J Exp Med 1990;171:2147-52.

Stockinger H, Gadd SJ, Eher R, et al. Molecular characterization and func-
tional analysis of the leukocyte surface protein CD31. J Immunol 1990;
145:3889-97.

POLYMORPHISM OF ADHESION MOLECULE CD31 AND ITS ROLE IN ACUTE GVHD

24.

25.

26.

27.

28.

29.

30.

33.

34.

35.

36.

37.

38.

39.

291

Zehnder JL, Hirai K, Shatsky M, McGregor JL, Levitt LJ, Leung LLK. The
cell adhesion molecule CD31 is phosphorylated after cell activation: down-
regulation of CD31 in activated T lymphocytes. J Biol Chem 1992;267:5243-9.
Leitner T, Halapi E, Scarlatti G, et al. Analysis of heterogeneous viral pop-
ulations by direct DNA sequencing. Biotechniques 1993;15:120-7.
Kirschbaum NE, Gumina RJ, Newman PJ. Organization of the gene for hu-
man platelet/endothelial cell adhesion molecule-1 shows alternatively
spliced isoforms and a functionally complex cytoplasmic domain. Blood
1994;84:4028-37.

Metzelaar MJ, Korteweg J, Sixma JJ, Nieuwenhuis HK. Biochemical char-
acterization of PECAM-1 (CD31 antigen) on human platelets. Thromb Hae-
most 1991;66:700-7.

Sullivan KM, Shulman HM, Storb R, et al. Chronic graft-versus-host dis-
ease in 52 patients: adverse natural course and successful treatment with
combination immunosuppression. Blood 1981;57:267-76.

Glucksberg H, Storb R, Fefer A, et al. Clinical manifestations of graft-ver-
sus-host disease in human recipients of marrow from HL-A-matched sibling
donors. Transplantation 1974;18:295-304.

Hartl DL. A primer of population genetics. 2nd ed. Sunderland, Mass.:
Sinauer Associates, 1987:23-31.

. Armitage P, Berry G. Statistical methods in medical research. 3rd ed. Ox-

ford, England: Blackwell Scientific, 1994.

Fleiss JL. Statistical methods for rates and proportions. 2nd ed. New York:
John Wiley, 1981.

Milstein CP, Steinberg AG, McLaughlin CL, Solomon A. Amino acid se-
quence change associated with genetic marker Inv(2) of human immuno-
globulin. Nature 1974;248:160-1.

Newman PJ, Derbes RS, Aster RH. The human platelet alloantigens, P14!
and P1%2, are associated with a leucine®/proline’ amino acid polymor-
phism in membrane glycoprotein Illa, and are distinguishable by DNA typ-
ing. J Clin Invest 1989;83:1778-81.

Fleischhauer K, Kernan NA, O’Reilly RJ, Dupont B, Yang SY. Bone mar-
row—allograft rejection by T lymphocytes recognizing a single amino acid
difference in HLA-B44. N Engl J Med 1990;323:1818-22.

Davenport C, Haile A, Kumar V, Bennett M. Hybrid and allogeneic resist-
ance to T cell grafts mediated by murine NK and CD8+ T cells. J Immunol
1995;154:2568-77.

Kitajima T, Iwashiro M, Kuribayashi K, Imamura S. The role of CD4+ and
CD8+ cells in normal F1 hybrid host in the resistance to lethal graft-versus-
host disease induction by transfer of parent spleen cells. Immunol Lett
1994;40:207-10.

Gumina RJ, Kirschbaum NE, van Tuinen P, Newman PJ. Localization of the
human PECAM-1 gene to the long arm of chromosome 17: relationship to
the glycoprotein IIb/IIla complex and ICAM-2. Thromb Haemost 1993;69:
923. abstract.

Zehnder JL, Shatsky M, Leung LL, Butcher EC, McGregor JL, Levitt LJ.
Involvement of CD31 in lymphocyte-mediated immune responses: impor-
tance of the membrane-proximal immunoglobulin domain and identification
of an inhibiting CD31 peptide. Blood 1995;85:1282-8.

Massachusetts Medical Society
Registry on Continuing Medical Education

To obtain information on continuing medical education courses in the New England area,
call between 9:00 a.m. and 12:00 noon, Monday through Friday, (617) 893-4610 or in
Massachusetts 1-800-322-2303, ext. 1342.

Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



