Analysis of RNA from sensitive and re-
sistant cell lines further supported our con-
clusion that MT gene expression is increased
in drug-resistant cells. Total RNA probed
with a 3.0-kb Hind III fragment of human
genomic DNA containing MT-II, (14) re-
vealed an increase of MT mRNA in the
L1210/CP (tenfold) (Fig. 1A), SCC-25/CP
(sixfold) (Fig. 1, B and C), and A-253/CP
(13.5-fold) cells. Neither L1210/DACH
(Fig. 1A) nor L1210/CP-R showed any
increase in MT mRNA. No evidence for
MT gene amplification could be seen in
SCC-25/CP or L1210/CP cells by DNA
blot analysis, suggesting an enhanced rate of
gene transcription or increased mRNA sta-
bility as the likely cause of MT overexpres-
sion.

Long-term exposure to drugs or heavy
metals can have multiple effects on cells (11).
Therefore, to establish a direct role for MT
in the acquisition of resistance to anticancer
agents, we transfected mouse C127 cells
with a bovine papilloma virus (BPV) shuttle
vector containing a human MT-II, (hMT-
II») gene construct (15). Cells transfected
with BPV-hMT-II, had a greater than ten-
fold increase in MT compared to cells trans-
fected with BPV alone, as shown by ELISA,
and were resistant to CP over a wide range
of concentrations (Fig. 2). We observed a
4.4-fold increase in resistance to CP in cells
transfected with BPV-hMT-II, as com-
pared to the cells transfected with the BPV
vector alone (Table 2). These cells were
equally resistant to melphalan and chloram-
bucil, displayed only modest resistance to
bleomycin and doxorubicin, and showed no
significant resistance to 5-fluorouracil and
vincristine (Fig. 2 and Table 2). Therefore,
MT may confer selective resistance to sulfhy-
dryl-reactive alkylating agents. This possibil-
ity is substantiated by our observation that
tumor cell lines, such as SCC-25/CP and
L1210/CP, with acquired resistance to CP,
were also cross-resistant to melphalan and
chlorambucil but not to bleomycin.

Our results indicate that increased MT
content can make tumor cells resistant to
clinically important cancer chemotherapeu-
tic agents such as CP, melphalan, and chlo-
rambucil. We have shown that (i) tumor
cells with increased MT content are resistant
to both alkylating agents and CP, (ii) cells
with acquired resistance to CP frequently
have an increase in MT and overexpress MT
mRNA, (iii) reversal of the CP-resistance
phenotype is accompanied by a decrease in
MT content, and (iv) introduction of a
eukaryotic expression vector encoding MT
into cells confers the drug-resistance pheno-
type. Although additional mechanisms of
resistance to agents such as CP appear to
exist (4, 9), the role of MT in drug resistance
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may be extensive. Neoplastic cells may ex-
press increased MT owing to the presence of
activated Ha-ras oncogenes (15). Further-
more, various stimuli are capable of induc-
ing cellular MT synthesis. Therapeutic
agents such as interferons and steroids,
which are commonly used in the treatment
of malignant diseases, induce MT (5) and
may induce transient drug resistance. It re-
mains to be determined whether long-term
exposure to CP directly induces MT synthe-
sis or whether the high frequency of over-
expression of MT in CP-resistant cells re-
flects selection. A further understanding of
the cause of MT overexpression should fa-
cilitate the development of therapeutic ap-
proaches to circumvent this mechanism of
resistance to antineoplastic drugs.
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Induction of B Cell Unresponsiveness to Noninherited
Maternal HLA Antigens During Fetal Life

Frans H. J. CraAs, YVONNE GIJBELS,
JACQUELINE VAN DER VELDEN-DE MUNCK, JON J. VAN RooDp*

Patients who have received many transfusions become highly sensitized and develop
antibodies against almost all HLLA alloantigens, so that finding a cross-match negative
kidney donor is difficult. A survey of those patients showed that 50 percent did not
form antibodies against the noninherited maternal HLLA antigens. Apart from the
obvious clinical implications, the data indicate that a human equivalent of murine
neonatal or actively acquired tolerance has now been identified.

CTIVELY ACQUIRED TOLERANCE IN

mice to the antigens of the murine

major histocompatibility complex
(H-2) is induced by exposure of the animals
to allogeneic lymphocytes within 24 hours
of birth and often leads to antigen-specific
and lifelong immunological nonrespon-
siveness (1, 2). Actively acquired tolerance
to the major histocompatibility complex
(MHC) in humans (HLA) cannot be stud-
ied in the same way. However, we have
evidence for the existence of neonatal toler-

ance in humans in a study of 26 highly
sensitized patients waiting for a renal allo-
graft. These patients had developed comple-
ment-dependent antibodies to the HLA
antigens of almost all unrelated caucasoid
donors. It is difficult to find a kidney donor
for such patients, as the cross-match with
almost all potential donors is positive, ex-
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cept when a potential donor is HLA class I
(HLA-A and -B) identical to the patient.
These patients constitute about 15% of the
combined waiting lists of the organ ex-
change organizations in Europe (3).

Therefore, we identified “permissible mis-
matches” for highly sensitized patients, by
testing their sera against a panel of lympho-
cytes that were mismatched for only one
HLA class I antigen. We found, for 59 out
of the first 73 patients tested, HLA class I
antigens that, although different from those
present in the recipient, did not lead to a
positive cross-match. This approach has led
to a significant increase in size of the poten-
tial kidney donor pool for these patients. We
could identify for 34 of the 59 patients an
HLA-DR compatible, cross-match negative
kidney that carried one or more of the
“permissible” class I mismatches. These
transplants did very well, with 29 grafts
(85%) surviving for 1 year after transplanta-
tion (4).

We realized later that the permissible mis-
matches often included those HLA antigens
of the patient’s mother that the patient had
not inherited (not inherited maternal anti-
gen; NIMA). We report our findings and
discuss the possible implications for organ
transplantation and HLA in relation to dis-
case studies.

We studied 26 patients with end-stage
renal disease on the waiting list of Euro-

transplant. These patients had antibodies
that reacted with the lymphocytes of more
than 85% of the members of a panel. This
panel (size: 53 individuals) was selected so
that all HLA-A and -B antigens were pre-
sent in at least three donors in different
combinations, to determine the specificity of
the patients’ antibodies. The parents of the
patients were HLA typed; in 15 of the 26
patients, the permissible class I mismatches
included NIMAs (Table 1). Six of these
patients had only one of the two NIMAs
(either HLA-A or -B) classified as an accept-
able mismatch, suggesting that not all HLA
antigens have the same ability to induce or
maintain nonresponsiveness. These patients
formed antibodies against HLA-A2, -B8, or
-B40, which might be due to their strong
immunogenicity (5). The polymorphism of
the HLA system argues against the possibili-
ty that our findings are due to chance; 23
allelomorphic genes of the HLA-A locus
and 47 of the HLA-B locus have been
identified (6).

The noninherited paternal haplotypes
were analyzed as a control; only 2 of the 25
noninherited paternal HLA-A or -B anti-
gens (NIPA) tested were acceptable mis-
matches, which emphasized the preferential
nonresponsiveness to NIMA (P < 0.005 by
Fisher’s exact test).

The presence of specific alloantibodies
against NIMAs and NIPAs was also deter-

Table 1. Comparison of the NIMA haplotype to the acceptable mismatches of highly sensitized
patients. HLA class I typing was done by a standard NIH microcytotoxicity assay with 120 highly
selected alloantisera (17). Sera were tested for panel reactive antibodies with a complement-dependent
cytotoxicity assay. In brief, heat-inactivated serum (1 pl) was added to Ficoll-hypaque—isolated
mononuclear cells (4000) and incubated for 30 min at room temperature. Rabbit serum (5 wl) was
added, the mixture was incubated for 60 min at room temperature, and 0.03% propidium iodide (5 pl)
was added. The test was read on an automated inverted microscope (18). The panel reactivity (PR) was
determined by testing the sera of patients against a panel of at least 50 lymphocyte donors selected so
that all HL.A-A and -B antigens were represented. The acceptable mismatches, that is, the HLA-A or -B
alloantigens toward which the patient had not formed antibodies, were determined by testing the
patient’s serum against a panel of lymphocyte donors, who were mismatched for only one HLA class I
antigen (4). In 11 patients the acceptable mismatches did not include the antigens present on the not

inherited maternal haplotype.

Pa- PR Noninherited maternal Acceptable mismatches
tients (%)* haplotype include:
MI 100 All B35 All B35
JO 97 Al B8 Al t
EN 95 A30 B35 A30 B35
VE 100 ¥ B7 B7
KO 96 A3 B35 A3 B35
ST 100 A2 B27 t  B27
ZA 90 Al B8 Al t
BO 98 A26 B40 A26 B40
BR 100 A3 B40 A3 7
CA 98 A28 B44 A28 B44
NO 89 A2 B40 T B40
MO 98 ¥ B35 B35
VM 98 A32 B27 A32 B27
KA 100 A2 BIS8 t BIS8
VG 100 +  B40 B40

*PR (%) = percentage of a donor panel reactive with the patient’s serum.

tAn unacceptable mismatch. FNot

inherited maternal HLA-A antigen is identical to paternal HLA-A antigen in the patient or mother is homozygous on

HLA-A locus.

1816

mined. In the cases where NIMAs and
NIPAs were not qualified as acceptable mis-
matches, specific antibodies to these anti-
gens were found. Such antibodies were
more frequently found to NIPAs (23 of 25)
than to NIMAs (24 of 45). To ascertain that
these findings were not due to a higher
degree of cross-reactivity of the patients’
HLA antigens with the NIMAs, we counted
the actual number of cross-reactive nonin-
herited HLA antigens of the mothers and
compared these with the number of cross-
reactive noninherited HLA antigens of the
fathers. The frequencies turned out to be
virtually identical (38 and 37%, respective-
ly) in the group of patients studied.

Although some patients lack antibodies to
the noninherited maternal antigens, this
does not directly demonstrate that the pa-
tients are tolerant to these antigens. We
think that the blood transfusion history of
the patients indicates that it is very likely
that the patients have received transfusions
with cells bearing maternal antigens. For
instance, patients ZA and BR had received
30 and 50 transfusions, respectively, but
were nonetheless nonresponsive to HLA-A1
and -A3, antigens with a phenotype fre-
quency in 505 healthy Dutch blood transfu-
sion donors of 31 and 33%, respectively.
The chance that the patients had received
only HLA-A1 and HLA-A3 negative blood
transfusions is thus equal to (0.69)* for the
first and (0.67)* for the second patient (P
< 0.0001).

One explanation for our results is that
during early fetal life maternal cells entering
the bloodstream of the fetus might be re-
sponsible for the induction of nonrespon-
siveness. Alternatively, when maternal anti-
gens or cells (or both) enter the fetal blood-
stream during later fetal life, immunization
can take place. This is in accord with current
hypotheses on the development of the im-
mune system during fetal life (7). The pres-
ence of maternal cells in the fetal blood-
stream is supported by the observation that
newborn infants form antibodies to nonin-
herited maternal HLA antigens (8). Fur-
thermore, evidence has been presented for
the existence of actively acquired tolerance
to rhesus blood group antigens (9).

The assumption that true tolerance is
maintained by chimerism (10) could explain
why some patients had no antibodies to
both the HLA-A and -B antigens on the
noninherited maternal haplotype. However,
chimerism may not account for the cases in
which the nonresponsiveness is to just one
class I antigen (for example, Al) and not the
other (B8; Table 1, patient JO). In these
patients an idiotype—anti-idiotype network
may play a role in the maintenance of the
nonresponsiveness (11).
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We do not know whether nonrespon-
siveness to the noninherited maternal class
II antigens also exists. We found no evi-
dence that a DR incompatibility on the not
inherited maternal haplotype increases the
chance to develop nonresponsiveness to-
ward the maternal class I antigens, as is
suggested in neonatal tolerance in the mouse
(12).

Our findings raise a number of questions
both of a fundamental and a practical char-
acter. For instance, we do not know whether
what holds true for antibody formation also
holds true for T cell activation. It is also
unknown whether patients who are not
highly sensitized can be nonresponders
against NIMA; that is, whether sensitization
plays a role in activating a (latent) non-
responder status.

The guidelines for selecting organ or bone
marrow donors should perhaps be reconsid-
ered. Fifteen of the 26 patients studied
showed B cell unresponsiveness against the
NIMAs; therefore, about half of the patients
mismatched for one (or sometimes two)
HLA class I (and maybe also class II anti-
gens), if these are identical to the NIMA,
may have graft survival similar to that of
HLA identical grafts. Thus a larger percent-
age of patients could be provided with an
organ or a bone marrow transplant with a
better than average prognosis.

It may now be insufficient to ask whether
a disease, X, is significantly associated with a
certain HLA antigen, Z, in the patient.
Patients suffering from disease X, and who
are HLA-Z negative, should be checked for
tolerance to a NIMA. It then still remains to
be established whether Z is necessarily the
tolerating antigen. Such a hypothesis might
be supported by observations that show a
significantly decreased frequency of HLA-
B5 in the mothers of patients suffering from
rheumatic fever (13). Also, experiments in
the mouse indicate that neonatal tolerance
to MHC antigens alters the Ir gene control
of the cytotoxic T cell response to vaccinia
virus (14).

In conclusion, the high frequency of NI-
MAs among the permissible mismatches of
highly sensitized patients suggests that the
fetus cannot only immunize its mother (15,
16), but that the mother can also induce
partial, but lifelong, tolerance in some of her
children. Further studies should reveal
whether the nonresponsiveness is due to
clonal deletion, suppressor cells, or other
mechanisms.
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Hyperthermia Protects Against Light Damage in the

Rat Retina

MaARY F. BARBE,* MICHAEL TYTELL, DAVID J. GOWER,

WiLLiaMm J. WELCH

An increase in the synthesis of heat shock proteins that is induced in cells in vitro by
hyperthermia or other types of metabolic stress correlates with enhanced cell survival
upon further stress. To determine if a similar increase in stress tolerance could be
elicited in vivo, rats were made hyperthermic, and then their retinas were tested for
sensitivity to light damage. This treatment resulted in a marked decrease in photo-
receptor degeneration after exposure to bright light as compared to normothermic
animals. Concomitant with such protection was an increase in retinal synthesis of three
heat shock proteins. Thus, a physiological rise in body temperature enhances the stress
tolerance of nerve tissue, perhaps by increasing heat shock protein production.

ANY ORGANISMS PRODUCE A

family of “heat shock” or “stress”

proteins (HSPs) after hyperther-
mia (1-3). The production of HSPs corre-
lates with the acquisition of tolerance to a
wide variety of stressors in cultured cells and
tissues (2, 4-7). For example, exposure of
cells to a mild heat challenge greatly en-
hances cell survival after a subsequent, and
what would otherwise be a lethal, elevation
in temperature (4-7). This protective effect,
referred to as acquired thermotolerance, is
correlated with the expression of the HSPs.
In the central nervous system (CNS), the
stress response may be of crucial importance
to the outcome of injury if it is involved in
cell survival. This response is a general fea-
ture of CNS reaction to injury, since HSP
production is elevated by D-lysergic acid
diethylamide (LSD) (8), hyperthermia (9,
10), ischemia (11), sodium arsenite (12),
surgical cutting (13), and concussive injury
(14). We have begun to explore this re-
sponse by using the retina as a model for the
CNS. Prolonged or excessive exposure of
the retina to light results in irreversible
damage to the photoreceptor cells (15-18).
If a mild heat stress in vivo also leads to

enhanced stress tolerance, then perhaps pri-
or hyperthermia in the rat could reduce
death of photoreceptor cells caused by sub-
sequent exposure to bright light, and thus
reduce damage to the retina. We report here
that a brief period of hyperthermia before
light exposure significantly reduced photo-
receptor degeneration while it stimulated
HSP production.

We and another group have shown that
production of one or more HSPs can be
stimulated in the retina after a brief period
of heat stress and that the pattern of these
newly synthesized retinal HSPs as revealed
by two-dimensional gel electrophoresis was
very similar to that reported in other systems
(9, 10). This procedure, combined with a
well-established protocol for quantitation of
light damage in the rat retina (15-17, 19),
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