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Definition of a Possible Genetic Basis for Susceptibility to Acute Myelogenous
Leukemia Associated with the Presence of a Polymorphic la Epitope
Stephanie Seremetis, Janet Cuttner, and Robert Winchester
Erwin S. and Rose F. Wolfson Laboratory of Cellular Mechanisms of Disease, Hospitalfor Joint Diseases, New York, New York 10003

Abstract

The polymorphic Ia epitope recognized by monoclonal antibody
109d6 is detectable on the leukemic cells of a significantly in-
creased number of individuals with acute myelogenous leukemia,
compared with its frequency in normal healthy control individ-
uals. In control individuals, the presence of the 109d6 epitope
is closely correlated with but not identical to the DRw53allo-
specificity. However, the frequency of particular conventional Ia
allodeterminants, including DRw53, is not significantly elevated
in the leukemia group. Considerable evidence supports the con-
clusion that the high frequency of the 109d6 epitope reflects an
inherited basis for susceptibility to the development of acute
myelogenous leukemia and not a differentiation event occurring
in the leukemic lineage. The 109d6 determinant is expressed by
leukemic myeloblasts as well as by homologous normal B cells
and monocytes obtained from the same individuals during re-
mission of the leukemia. Furthermore, in healthy family members
the 109d6 epitope is encoded by Ia haplotypes that are shared
with the patient. Of special interest, certain of these haplotypes
have combinations of the 109d6 epitope and Ia specificities not
commonly seen in normal individuals; here, also, healthy family
members share these haplotypes.

Introduction

The acute myelogenous leukemias (1) exhibit certain features
in common, including an origin from a putative stem cell com-
mitted to granulocyte-monocyte differentiation (2), frequent
nonrandom chromosomal alterations (3), and the presence of
characteristic cell membrane maturational and differentiation
antigens (4-7). The latter include the expression of Ia antigens
on both acute myelogenous leukemia cells (5, 6, 9) as well as
on normal bone marrow cells at analogous stages of differentia-
tion (6) and a variety of other monocyte-granulocyte lineage
antigens (7, 10-14). The variable expression of certain of these
antigens, along with morphologic and cytoenzymatic criteria,
defines the relative position of the leukemic cells from different
individuals in the maturational sequence of the early stages of
differentiation in the myeloid-monocytoid lineages (1, 4, 7,
10-14).

The recognition that the murine leukemia induced by the
Gross virus is under control of genes mapping in the major
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histocompatibility complex (MHC)' (15) has nurtured continued
interest in the human MHCand its relationship to leukemo-
genesis. Most studies of HLA associations with myeloid leuke-
mias have been restricted to HLA A and B loci or to the HLA
DR locus and no strong associations between these loci and
leukemia have been found (16-18). However, D'Amaro et al.
(19) recently reported an association of the C locus allele Cw4
with acute myelogenous leukemia in patients who had achieved
remission and undergone bone marrow transplantation.

The human Ia antigens are class II MHCproducts of the
HLA-D region composed of two transmembrane polypeptides:
an a-chain of 34,000 D and a (-chain of 29,000 D. Recently,
there have been considerable advances in understanding the ge-
netic organization of the Ia system through the techniques of
gene cloning and monoclonal antibodies. Both chains of the Ia
molecules are encoded by genes found in three subregions: DR,
DQ(DC or DS), and DP (SB) (20). Two polymorphic O-chain
sequences and one nonpolymorphic a-chain are thought to be
encoded in the DRsubregion, while the more centromeric DQ
subregion contains two pairs of polymorphic a-chain and 0-
chain genes; the DP subregion is similarly organized (21-25).

Monoclonal anti-Ia antibodies have been of considerable use
in delineating the complexity of the Ia system because their ho-
mogeneity makes it possible to identify specific epitopes, partic-
ularly those that are polymorphic. Moreover, because mono-
clonal antibodies are derived from heteroimmunizations, it is
possible that they might recognize certain structures on the Ia
molecule that are not targets for alloimmune response. For ex-
ample, antibody 109d6 reacts with an epitope expressed on a
single f-chain (26) that in the normal population is closely cor-
related with, but molecularly distinct from, the occurrence of
both the allospecificity DRw53(MT3) (27) and an epitope rec-
ognized by the monoclonal antibody 17-3-3S (28). Another an-
tibody, IDV12, is directed to a determinant on the fl-chain of
DQmolecules that is most closely correlated with the allospe-
cificity DQw3(MB3) (27, 29, 30). The epitope recognized by
antibody IVD12 has been found at significantly increased fre-
quency in individuals with chronic lymphocytic leukemia (29).
This suggested that the study of other hematopoietic neoplasms
with monoclonal antibodies specific for polymorphic Ia epitopes
might reveal MHCdisease associations not apparent from studies
using only alloantisera.

The present study of the Ia system in acute myelogenous
leukemia is an investigation of the hypothesis that certain Ia
epitopes recognized by monoclonal antibodies are important in
myeloid leukemogenesis, providing a novel approach to the pos-
sible genetic basis of this disease. A preliminary report of this
work has been presented (31).

1. Abbreviations used in this paper: AML, acute myelogenous leukemia;
FAB, French-American-British; MHC, major histocompatibility com-

plex; RR, relative risk; TdT, terminal deoxyribonucleotidyl transferase.
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Methods

Patients. 77 individuals with acute myelogenous leukemia were distrib-
uted among French-American-British (FAB) classification MI -M6 (1)
and terminal deoxyribonucleotidyl transferase (TdT) 'AML, a newly
defined subgroup (32). Six were Ml, 20 were M2, four were M3, 21 were

M4, four were M5, four were M6, and 18 were classified as TdT' AML.
All were studied between November 1982 and November 1984, and
came from the Mount Sinai Medical Center and affiliated institutions.
The leukemias of these individuals were classified as myelogenous on

the basis of conventional cytochemical analysis (33-35) and cell surface
phenotype was defined by a panel of monoclonal antibodies specific for
myelomonocytic differentiation antigens (10, 11, 14). The TdT' AML
subgroup was composed of leukemias that would have been classified
as typical FAB MI-M6 leukemias by conventional criteria (1), but which
expressed the nuclear enzyme TdT (32). TdT was analyzed according
to the product literature of the Bethesda Research Laboratories (Bethesda,
MD) (36). Where available, mononuclear cells at the time of remission
and relapse were studied, as were cells from family members. As disease
controls, 44 individuals with chronic lymphocytic leukemia, 14 patients
with chronic myelogenous leukemia, and 18 patients with acute lym-

phocytic leukemia were studied over the same time period. The healthy
control population was ethnically matched and studied during the same

time period with the same reagents. The frequency of all determinants
in this subpopulation was not significantly different from that of a larger
control population, n = 129, studied at different times.

Cells. Enriched preparations of blast cells depleted of mature gran-

ulocytes were isolated by Ficoll (Pharmacia Fine Chemicals, Piscataway,
NJ)-Hypaque (Winthrop Laboratories, NewYork, NY) centrifugation
(37) and, where necessary, further enrichment was obtained by Percoll
(Pharmacia Fine Chemicals) discontinuous density gradient centrifu-
gation (38). Enrichment resulted in >70% blasts in all specimens studied.
Cell separation of remission blood specimens was performed by Ficoll-
Hypaque centrifugation and E- cells were isolated by the standard ro-

setting technique using neuraminidase treated sheep erythrocytes (39).
Lymphoblastoid cell lines were derived from remission blood samples
using Epstein-Barr virus containing supernatants of the mycoplasma free
cell line B95-8 according to established procedures (40).

Sufficient cells from most individuals were typed for Ia alloantigens
by the standard National Institutes of Health microcytotoxicity assay

with 7th, 8th, and 9th International Histocompatibility workshop reagents
as well as with locally available sera (29, 40, 41). On occasional instances
in which control negative antisera gave reactions greater than a cytotox-
icity score of one, the microcytotoxicity data was not included for analysis.
Statistical analyses were performed using the Haldane formulation of
the relative risk, the population attributable risk, and the one-tailed Fisher
exact probability calculation, as previously described (29, 42). In this
study, the frequently employed correction for random associations was

not used because of the inability to rigorously specify the number of
distinct reagents because of haplotypic associations between the deter-
minants detected by certain reagents. However, even if it is adversely
assumed that all specificities tested for are unassociated, the level of
observed significance of the association with the presence of 109d6 de-
terminant would only change from P < 0.000005 to P < 0.0005.

Monoclonal antibodies. Monoclonal antibody 109d6 is an anti-human
Ia reagent generated by immunizing BALB/c mice with hairy cell leu-
kemia cells from a DR4/5+ individual. The antibody recognizes a poly-
morphic Ia determinant associated with, but not identical to, DRw53,
DR4, and DR7 in studies of normal control individuals (27, 28). Mono-
clonal antibody 17-3-3S is an anti-murine Ia reagent specific for an I-Ek
allodeterminant that also recognizes a polymorphic human Ia deter-
minant most closely associated with that recognized by antibody 109d6
and the DRw53specificity (28, 43). Similarly, a lower order of association
exists with the DR4 or DR7 allotypes (27, 28). The determinants rec-

ognized by antibody 109d6 and antibody 17-3-3S are correlated in the
population, but are borne on distinct molecules (28). Monoclonal an-

tibody IVD12 is directed against a polymorphic determinant on Ia mol-

ecules associated with the DQw3allospecificity and with r = 0.820 for

the presence of DR4or DR5 (29, 30). SG171A is a monomorphic anti-
Ia monoclonal antibody (44) detecting determinants common to DR
and DQmolecules. Cells producing antibody 109d6 were provided by
Dr. G. Burmester, of the Erwin S. and Rose F. Wolfson Laboratory of
Cellular Mechanisms of Disease, Hospital for Joint Diseases, NewYork,
NY; those producing IVD12 were provided by Dr. C. Hurley and Dr.
D. Capra, University of Texas; 17-3-3S was supplied by Dr. David Sachs
of the National Institutes of Health; and SG171A, by Dr. Sanna Goyert,
of the Erwin S. and Rose F. Wolfson Laboratory of Cellular Mechanisms
of Disease. The isotypes of 109d6, 17-3-3S, IVD12, and SG171 are IgG2a,
IgG2a, IgGl, and IgG2a, respectively.

Immunofluorescence. The indirect microstaining method with sat-
urating quantities of antibodies was employed as previously described
(22, 38). In brief, after IgG Fc receptors were blocked with aggregated
human Ig, 0.010 ml of 1 mg/ml, I X 101 cells were incubated with
saturating quantities of monoclonal antibodies (0.05 ml of undiluted
supernatants containing 30-40 ,g/ml of antibody) at 4VC for 30 min in
a V-bottom microtiter plate (Cook Laboratories, Alexandria, VA). After
four washings with phosphate-buffered saline, pH 7.2, containing 1%
bovine serum albumin and 0.0 1%NaN3, F(ab')2 fragments of goat anti-
mouse IgG conjugated with tetramethyl rhodamine isothiocyanate or
fluorescein isothiocyanate were added to each well. After a 30-min in-
cubation at 4°C, the cells were washed four times and analyzed by flow
cytometry on a fluorescence activated cell sorter (FACS IV, Becton
Dickinson, Oxnard, CA), using a microsampler system. The narrow angle
forward scatter signal was used to gate out dead cells. The fluorescence
histograms of 20,000-50,000 cells were acquired using logarithmic
preamplification. These cells were also examined using incident illu-
mination in a fluorescence microscope (Leitz, Wetzlar, West Germany).
Irrelevant monoclonal antibodies of the same isotypes were used as neg-
ative controls.

Results

Reactivity with polyclonal anti-Ia alloantisera in microcytotox-
icity. Using conventional anti-Ia alloantisera, the leukemic blasts
of 49 individuals with acute myelogenous leukemia were found
to have a profile of DRtypes similar to those found on cells of
an appropriate normal control population (Table I). Assignment
of any particular DRtype was not significantly associated with
acute myelogenous leukemia at the 0.05 level using uncorrected
exact probability calculations. Similarly, the DQwl, DRw52,
and DRw53allospecificities were not significantly associated with
the occurrence of leukemia although the frequency of the latter
specificity was slightly increased.

Reactivity with monoclonal antibodies directed to poly-
morphic Ia determinants. As shown in Table I, the monoclonal
antibody l09d6 reacted with an epitope expressed on the blasts
found in 85% of 77 acute myelogenous leukemia patients but
only in 40.5% of controls, relative risk (RR) = +7.88, population
attributable risk (b) = 0.75, P < 0.000005 (uncorrected). In a
healthy caucasian control population, the molecule bearing the
l09d6 determinant is usually found in association with the HLA
DRw53allospecificity determined by polyclonal typing reagents,
r = 0.724 (20), but in the leukemic group the frequency of HLA
DRw53was slightly, but not significantly, increased. In the con-
trol Caucasian population, the presence of the 17-3-3S deter-
minant is associated with the presence of the l09d6 determinant,
r = 0.783. However, reactivity of leukemic blasts with the
monoclonal antibody 17-3-3S was found in only 48%of patients
and in 39% of control E- cells, a nonsignificant difference. In
the leukemia group, the 109d6 and the 17-3-3S determinants
were not highly correlated; r = 0.4323. In contrast, reactivity of
the leukemic blasts with monoclonal antibody IVD 12 was only
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Table L Polymorphic Epitope Recognized by Monoclonal
Antibody 109d6 Is Strongly Associated
with the Occurrence of Acute Myelogenous Leukemia

Frequency (percent)

Acute Matched
myelogenous normal

Ia specificity leukemia control Haldane relative risk

n = 49 n = 48

DRI 30 20 1.65
DR2 16 29 -2.05
DR3 26 13 2.42
DR4 38 23 2.09
DR5 34 38 -1.13
DRw6 4 14 -3.43
DR7 24 20 1.21
DRw8 6 2 2.39
DRw9 0 0 0
DRw1O 0 2 -3.126
DQwI 40 57 -1.84
DRw52 66 65 1.00
DRw53 50 38 1.65
17-3-3S (MoAb) 48* 39 1.44
IVD12 (MoAb) 16* 46 -4.49 (P < 0.00027)
109d6 (MoAb) 85* 42 7.88 (P < 0.000005)

* For 109d6, 17-3-3S, and IVD12, n = 77.

found in 16% of patients compared with 46% in the control
population. There was no statistically significant association of
any pattern of antibody reactivity with a specific FAB subset
classification of the acute myelogenous leukemias to the exclu-
sion of other categories.

Studies of other hematopoietic neoplasms. During the period
of this study using the same reagents, a series of other hospitalized
patients with various hematopoietic neoplasms were studied as

controls. The frequencies of 109d6 observed on either leukemic
or residual normal cells or both were as follows: among 44 pa-
tients with chronic lymphocytic leukemia, 48%; among 15 pa-
tients with chronic myelogenous leukemia, 41% (including seven
that had a predominance of blasts in stages of maturity equivalent
to those of the acute myelogenous leukemic blasts). The fre-
quency of 109d6 reactivity in 18 patients with acute lymphocytic
leukemia was 44%. In none of these populations were these fre-
quencies significantly different from that of 109d6 expression
observed in the control population.

Monoclonal antibody 109d6 reactivity: population studies.
Individuals with AML differed in part from normal controls
with respect to polymorphic Ia antigen phenotypes usually cor-
related with the presence of the 109d6 epitope (Table II). While
59% of leukemic individuals expressing the 109d6 epitope had
a phenotype that included the expected specificities HLADRw53
and either DR4or DR7, unusual combinations of polymorphic
Ia determinants were found in 34% of the patients, and in 6%
of normal control individuals (RR = 7.00, P < 0.0005). Of par-
ticular interest, the presence of the 109d6 epitope in the phe-
notype 109d6+ 17-3-3S- DRw53- was found in 14% of those
with leukemia but in only 2% of the control population (RR
= 5.59, P< 0.03). Similarly, the 109d6+ 17-3-3S+ DRw53- phe-
notype was identified in 20% of leukemic patients and 4% of
controls (RR = 4.95, P < 0.01). Only 14% of individuals with
leukemia lacked any of the Ia antigens summarized in Table II
(RR = -7.8, P < 0.000005).

Haplotype assignment of genes encoding the 109d6 epitope.
Fig. 1 illustrates an informative family in which the unusual
l09d6+ 17-3-3S- DRw53- phenotype was present. The gene en-
coding the 109d6 epitope was assigned to the C haplotype, and
no evidence was found in the family members for the presence
of genes encoding the 17-3-3S or DRw53determinants on this
haplotype. The C haplotype coding for the molecules bearing
the 109d6 epitope contained genes that coded for the specificities
DRI and DQw1. This haplotype was found in two healthy sib-
lings. In three other families, not illustrated, the gene encoding
the 109d6 determinant was assigned to the haplotypes bearing

Table II. Certain Patterns ofReactivity with Monoclonal Anti-Ia Antibodies
in Acute Myelogenous Leukemia Cells Are Not Those Predicted by Expected Associations with DRSpecificities Found in Controls

Percentage of individuals with
phenotype la antigen phenotype

Leukemia Controls DR4 DR7 DRw53 17-3-3S 109d6* Relative risk

n = 49 n = 48

20 4 - - - + + +4.95 (P < 0.Olt)
14 2 - - - - + +5.59 (P < 0.03t)
0 4 - - + - + -5.32
8 2 + - + - + +3.13

18 13 + - + + + +1.53
12 17 - + + + + -1.41
4 0 + + + - + 5.1
8 0 + + + + + 9.5

14 58 - - - - - -7.88 (P < 0.000005)

* Note: In acute myelogenous leukemia individuals where both microcytotoxicity and immunofluorescence data were available (n = 40), 109d6
was positive in 86%. In those acute myelogenous leukemia individuals where only immunofluorescence data were available (n = 77), 109d6 was
positive in 85%. t For the phenotype 109d6+ DRw53- (not considering reactivity with antibody 17-3-3S) the frequencies are: leukemia, 34%;
controls, 6% (RR = 7.00, P < 0.0005).
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c n CO 2d ri dO !F
(I09d6+) (109d6+) (109d6-) (109d6-) (109d6+)

Leukemia

a Al -88 DR3 -DRw52 (17-3-3S-) (IVD12-)

b A24 -Bw35- DR- -DRw52 (17-3-3S-) (IVD12-)

c A3 -Bw35- DRI -DOw1 (17-3-3S-) (IVD12-)

d A24 - Bw55- DR2 -DOwl (17-3-3S-) (IVD12-)

Figure 1. Family study illustrating inheritance of genes encoding the
109d6 antigenic determinant in association with DR1. Assignment of
genes encoding the determinants to haplotypes is illustrated in the
lower part of the figure. Only the propositus and siblings sharing the
"c" haplotype express 109d6, and therefore 109d6 is assigned to this
haplotype that carries DRI and DQwl as well.
* The parents were typed by inference.

either DR4 or DR7 genes, and in each instance was associated
with the presence of the genes encoding the DRw53specificity
and the 1 7-3-3S Ia determinant. In each of the families studied,
the proband was heterozygous for the 109d6 epitope, which was
clearly associated with a single haplotype within the family.

Remission blood studies. The possibility that expression of
the determinant recognized by antibody 109d6 was an event
unique to the leukemic lineage was further explored by deter-
mining the presence of molecules bearing the 109d6 epitope on
the blood mononuclear cells of individuals in which leukemic
remissions had been induced. Table III shows that in six indi-

Table III. Similarity of Expression of 109d6 Epitopes
on Leukemic Blast
and Homologous Remission E Mononuclear Cells

Reactivity with
monoclonal antibody

Micro-cytotoxicity
Individual Cells DRtype IVD12 17-3-3S 109d6

T.Z. Leukemic blasts 1,3,w52 - - +
Remission E- cells 1 ,3,w52 - - +

L.A. Leukemic blasts 3,7,w52,w53 - - +

Remission E- cells 3,7,w52,w53 - - +

P.E. Leukemic blasts 4,7,-,w53 - + +
Remission E- cells 4,7,-,3,w53 + + +

M.A. Leukemic blasts 4,-,3,2,w52,w53 - - +

Remission E- cells 4,-,3,2,w52,w53 + - +

(Relapse) Leukemic blasts 4,-,3,2,w52,w53 - - +

D.O. Leukemic blasts 4,7,-,w53 - + +

Remission E- cells 4,7,-,w53 + + +

D.E. Leukemic blasts 5,w6,-,w52 - - +

Remission E- cells 5,w6,-,w52 + - +

+ Indicates immunofluorescent staining by the antibody on >90% of
cells bearing Ia antigens. - Indicates staining on <1%of cells bearing
Ia antigens.

viduals the reactivity of remission B cells with the 109d6 and
1 7-3-3S antibodies was similar to that observed for the homol-
ogous leukemic blasts. In two of these individuals (T.Z. and
D.E.) both the leukemic blasts and remission E- cells were of
the unusual phenotype 109d6+, 17-3-3S-, DRw53-.

Fig. 2 illustrates the similarity of the patterns of Ia antigen
expression on leukemic blasts and remission E- mononuclear
cells obtained from the same individual with the leukemic blast
cell phenotype of 1 O9d6+, 1 7-3-3S-, DRw53-. The epitope with
which antibody 109d6 reacts is present on both the leukemic
and the remission mononuclear cells. A B cell lymphoblastoid
line derived from this individual had a phenotype identical to
that of the E- remission blood cells and the leukemic blasts by
HLA and monoclonal antibody typing (data not shown).

Monoclonal antibody IVD12. The diminished frequency of
reactivity to monoclonal antibody IVD12 on leukemic blasts
(Tables I and IV) was also not as predicted by associations ob-
served, primarily due to the disproportionately low frequency
of reactivity with DR4+ or DR5+ individuals, who would be
predicted to express this determinant. In contrast, in control
individuals, the assignment of DR4or DR5was closely correlated
with expression on blood mononuclear cells of molecules rec-
ognized by the IVD 12 antibody, as expected.

In a family where the DR4+ DRw53+ IVD12+ haplotype
was found in one parent and two healthy siblings, the leukemic
cells of the proband also expressed the allospecificities DR4
DRw53, but <1%of blasts expressed the IVD 12 epitope as mea-
sured by flow cytometry performed at a gain of 16 as well as by
conventional immunofluorescence microscopy. However, here
the leukemic blasts strongly expressed both 109d6 determinants,
and control monomorphic Ia determinants detected by antibody
SG17 1A.

LEUKEMIC BLASTS

171A 17-3-3S l09d6

REMISSION E- CELLS

LI ..

I71A 17-3-3S l09d6

Figure 2. Comparison of the immunofluorescence distribution histo-
grams of per cell Ia antigen expression between leukemic blasts and an
E- lymphocyte preparation from blood obtained after remission was
induced. The ordinate is cell number and the abscissa is log fluores-
cence over 3.4 decades. Approximately half of the remission E- cells
express Ia antigens detected by antibody 109d6 and 17 1A, while stain-
ing by antibody 17-3-3S is indistinguishable from the control. The leu-
kemic blasts strongly expressed 17 1A and 109d6 determinants, and
were devoid of reactivity with antibody 17-3-3S. DRtyping of the re-
mission cells by microcytotoxicity revealed DR1 DR3 DRw52DQ1.
In each histogram the control reactivity (... ) is the immunofluores-
cence profile obtained with a monoclonal antibody of the same iso-
type but of irrelevant specificity.
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Table IV. Epitope Recognized by Monoclonal Antibody IVD12 Is
Not Expressed on Leukemic Myeloblasts as Predicted
by Expected Associations with DRSpecificities in Controls

Percentage of individuals
with phenotype

Fisher
Leukemic Control DR4 DR5 IVD12 P value

n = 48 n = 49

30 2 + - - 0.00016
22 6 - + - 0.02

Studies of three additional individuals whose blasts and re-
mission B cells typed as DR4 and one individual whose blasts
and remission cells typed as DR5 revealed that in all four there
was no detectable reactivity by immunofluorescence with anti-
body IVD12 on leukemic blasts, but typical strong positive
staining was detected on remission blood B cells and monocytes
(Table III). In each, the leukemic blasts and the remission blood
cells were readily stained by antibody 109d6 as well as by an-
tibody SG171A.

Discussion

The central observation of this study is that a polymorphic
Ia epitope detected by the monoclonal antibody 109d6 is iden-
tified in a significantly increased number of individuals with
acute myelogenous leukemia. Various lines of evidence support
the interpretation that genetic events are responsible for this
finding. In family studies the genes encoding the 109d6 epitope
were assigned to haplotypes that segregated in both normal and
leukemic individuals. The family and remission studies were
consistent in both l09d6' DRw53' and l09d6' DRw53- leu-
kemic propositi. In addition, the 109d6 epitope was found to
be expressed on both the leukemic myeloblasts and on the nor-
mal B cells and monocytes obtained from blood of individuals
in remission. These results argue strongly against the possibility
that anomalous leukemia-related differentiation events are re-
sponsible for the unusual frequency of expression of the 109d6
epitope.

Particular attention was directed to the possibility that tech-
nical factors such as interaction with the Fc receptors of the
leukemic cells were responsible for the reactivity with antibody
109d6. However, no evidence in favor of this possibility was
obtained. In data not shown, staining with a variety of isotype
matched irrelevant antibodies was negative (< 1.0% of cells) under
the conditions used to avoid Fc receptor interactions. Moreover,
antibody 109d6 did not react with the mature granulocytes of
20 healthy individuals, nor was it identified on an increased
frequency of early granulocytoid forms from individuals with
chronic myelogenous leukemia even when their blood contained
abundant blasts of a stage of maturity equivalent to those found
in the acute myelogenous leukemia groups.

In contrast, the decreased expression of a different poly-
morphic epitope recognized by antibody IVD12 was found to
be controlled by events occurring within the leukemic lineage.
Here, normal B cells and monocytes obtained from remission
blood samples had the IVD1 2 epitope, while the leukemic cells
from the same individuals lacked detectable IVD12 epitopes.

These findings are consistent with the observation by Navarette
et al. (46) that MT1 (DQ 1) is found less frequently among those
with acute myelogenous leukemia, and provide another example
of the noncoordinate expression of the Ia gene products, which
has also been observed in hematopoietic precursors (47), acute
lymphoblastic leukemic blasts (48), some cell lines (49), and
normal blood monocytes (50, 51). Using two newly available
monoclonal antibodies specific for determinants only expressed
on DQmolecules, essentially no staining of these leukemic blasts
was found in 12 individuals. To the extent that certain acute
myelomonocytic and monoblastic leukemias represent clonal
expansions of blood monocyte precursors, the absence of de-
tectable DQon all studied leukemias is of interest because at
later stages in monocyte differentiation DQmolecules are ex-
pressed (50, 51).

Monoclonal antibodies offer distinct advantages in the search
for molecular structures that relate to disease susceptibility and
the function of the Ia molecules. The monoclonal reagents have
inherent precision not attainable in complex polyclonal alloan-
tisera because they are not composed of indeterminant mixtures
of antibodies directed to various allodeterminants. Secondly,
the monoclonal antibodies potentially identify certain poly-
morphic determinants that are not necessarily allelic markers
because the trans-species immunization potentially leads to the
recognition of unusual and genetically interesting epitopes. Ac-
cordingly, the use of monoclonal antibodies allows a search for
the function of variant forms of Ia molecules to be pursued at
the level of the epitopes on the Ia molecule that are most likely
to subserve particular functions (43).

An important principle underlying this study is the delin-
eation of a disease association that is primarily found with an
epitope of the Ia molecule detected by a monoclonal antibody
rather than with a marker necessarily associated with alternative
allelic, gene forms. The absence of a consistent association in
the leukemia patients with any defined DR allospecificity in-
cluding that of DRw53 (MT3) in this series emphasizes this
point since in normal individuals the 109d6 epitope is closely
correlated with the allodeterminant DRw53(27-29). In this re-
spect, of greater significance is the equivalent lack of significant
association in the acute myelogenous leukemia group with the
epitope defined by antibody 17-3-3S, which in normal individuals
is closely correlated with the presence of the 109d6 epitope, and,
in turn, with the DRw53specificity. In the leukemia groups, the
17-3-3S epitope correlated with DRw53but not with the presence
of the 109d6 epitope. Along with the finding of the unusual
haplotypes containing genes coding for the 109d6 epitope, these
data are best explained by assuming that the 109d6 epitope is
borne on an Ia molecule that is not uniformly associated with
the presence of the DRw53specificity. Moreover, available bio-
chemical and immunologic evidence obtained in reference cell
lines from healthy individuals reveals that one variety of 2D gel
pattern is given by molecules bearing the 109d6 epitope in the
setting of DRw53containing haplotypes, while a second pattern
is found when the 109d6 epitope is found in association with
non-DRw53 haplotypes such as that expressed with DR1 (Mat-
suyama, T., J. Silver, and R. Winchester, manuscript in prep-
aration). Moreover, restriction fragment length polymorphisms
in the DNAfrom normal DRw53+ l09d6+ individuals are dif-
ferent from those observed in DRw53- l09d6+ individuals
(Paulsen, G., E. Qvigstad, G. Gaidernack, L. Rask, R. Winch-
ester, and E. Thorsby, manuscript submitted for publication).
This raises the possibility that in normal individuals different
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varieties of DRor Ia molecules encoded at different DR f loci
bear the 109d6 determinants. Until the biochemical basis of the
109d6 epitope is defined in the special situation of the unusual
Ia phenotypes associated with acute myelogenous leukemia, we
must consider the possibility that different types of LDR molecules
bear the 109d6 epitope in different individuals.

An association of the C locus allele Cw4with the acute leu-
kemias, including acute myelogenous leukemia, was recently
reported ( 19). 35% of North American patients bore this marker
with a relative risk of 2.06. The study group consisted of selected
patients who had already attained remission and had undergone
bone marrow transplantation. The possibility was raised that
the Cw4 association could be interpreted as evidence for either
primary leukemic susceptibility or alternatively for regulating
processes pertinent to response to chemotherapy (19). Of further
importance, no significant association between chronic myelog-
enous leukemia and any HLA locus was found (19). The present
study was not primarily directed to an analysis of HLA A, B,
and C antigens; however, among 14 patients the frequency of
Cw4 was 21%, not significantly different from the frequency of
20% observed in the control group. Although no such association
is apparent in these 14 patients, analysis of a larger number
might reveal a linkage disequilibrium between the Cw4 allele
and genes encoding the 109d6 determinant.

While the significance of the presence of la gene products
on normal hematopoietic progenitor cells is not certain, it has
been suggested that they might be involved in cell-cell recognition
events important to the regulation of proliferation and differ-
entiation within the bone marrow rather than functioning as
classic immune response gene products (6). In this way the 109d6
determinant or the molecule bearing it could endow a myeloid
cell with altered responsiveness to certain as yet undefined he-
matopoietic regulatory influences. Alternatively, the 109d6 de-
terminant could serve as the specific receptor for a viral or other
agent resulting in an enhanced probability of leukemic trans-
formation. A study of the five families of patients with acute
myelogenous leukemia studied here suggests that a dominant
gene model is operative, in that the presence of a single 109d6
epitope is sufficient for determining the susceptibility state.

The differences in results between acute myelogenous leu-
kemia and chronic myelogenous leukemia are of special interest.
Evidence suggests that in chronic myelogenous leukemia the
target cell for the leukemic transformation is the pluripotent
hematopoietic stem cell (52) whereas the transformation in acute
myelogenous leukemia apparently occurs in a later cell com-
mitted to granulocyte/monocyte differentiation (2). Although
by cytoenzymatic and morphologic criteria the myeloblasts in
these two diseases are indistinguishable, the 109d6 epitope is
not increased in frequency in individuals with chronic myelog-
enous leukemia. This emphasizes the possibility that the acute
myelogenous leukemias are a group of neoplasms characterized
by involvement of the molecule bearing the 109d6 epitope in a
common biologic event that is apparently not important in the
type of leukemogenesis characteristic of chronic myelogenous
leukemia.
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