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Introduction

It is widely accepted that conditioning of
recipients by blood transfusions exerts a fa-
vorable influence on the survival of renal
allotransplants [1-7]. In the past, some in-
vestigators suggested that the beneficial ef-
fect of transfusions was only the result of
selection, and many patients were thought to
be rendered nontransplantable as a conse-
quence of sensitization by transfusions [8—
12]. A low rate of rejection in some studies
does not support a selecting out process as
the mechanism for improved allograft sur-
vival and argues for a modification of the
immunologic responses [13]. The effects of
blood transfusions are found to improve the
outcome, especially in the best HIA-
matched groups [5]. In contrast, others de-
scribed a highly significant allograft survival
in the transfused DR-mismatched cadaveric
kidney allograft recipients [14]. Many au-
thors have suggested that HLA-DR antigen
matching alone improves allograft survival
[15-20]. However, this finding is not univer-
sal [21]. The timing of transfusions as well as
the number of units of blood needed for opti-
mum graft survival are still unresolved.

‘ ical Center.
|

HLA-A and -B antigen 1 itching has shown
a disappointing correlet:3n with graft sur-
vival [7]. |

The immunologic st'mmulus of pregnancy,
blood transfusion, tissu$ allograft and possi-
bly some viruses and Jacteria may induce
lymphocytotoxic antibocies. Transfusions
alone have a minimal efii ct on alloimmmu-
nization in men and irl [" ulliparous women
[14, 22]. Some indicate that transfusions
may induce both a spec.f.: and a nonspecific
suppression of the cell-nediated immune re-
sponse, while others c.ﬁs‘.agree [23-25]. Al-
loimmunization does nt';appear to decrease
graft survival in those mients with a nega-
tive lymphocyte cros{rr atch by sensitive
techniques who receive|g-afts [14, 26-29].

We hypothesize tha' pretransplant al-
loimmunization witbr nondonor-specific
blood transfusions will ssmetimes stimulate
class II (B cell) antibod.is which act as en-
hancing factors extend s the survival of ca-
daveric kidney allografis, This study was de-
signed to evaluate the H ~phocytotoxic anti-
body response by observ ng for a difference
in donor T and B cell |panel reactivity in a
pre- and post—transfusidr. serum sample from
uremic patients on hTmodialysis awaiting
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their first cadaveric kidney allotransplants.
The data were analyzed to determine whether
or not an association exists between HLA
class I and II lymphocytotoxic antibodies and
longevity of renal allograft survival.

Methods

Transplant Recipients

Frozen sera were stored at —70°C from 40 pri-
mary recipients of cadaveric renal allotransplants col-
lected from May 1981 through September 1987 prior
to the transplant. Samples collected before and after
transfusions of whole blood or packed red cells from
each patient were randomly chosen. Transfusions
were administered before the patient was placed on
the transplant list with intervals of 1 week between
transfusions. The last unit was usually given after
adding the patient to the list. HLA~class I (T cell) and
class II (B cell) antibodies were detected using an
Amos modified complement-dependent microlym-
phocytoxicity assay [30, 31].

Serological Techniques

A randomly selected donor panel of 40 peripheral
blood lymphocyte samples separated by Ficoll-Hypa-
que (Pharmacia, Piscataway, N.J.) were reacted with
patient serum to screen for HLA-class I (T cell) anti-
lymphocytotoxic antibodies. The serum and cells
were incubated at room temperature for 30 min, rab-
bit complement was added and incubation continued
for 1 h. Trypan blue was added to distinguish live
from dead cells. The reaction was graded as 8, 90-
100% dead; 6, 50-90% dead; 4, 20-50% dead; 2, 10-
20% dead and 1, 0-10%. The percentage of donor
panel cells reacting was expressed as percent reactive
antibody (PRA). When greater than 10% of the panel
cells reacted with a grade of 4 or better, the panel was
considered to be significant. When a particular cell
specific for a given antigen was lysed by antibody-rich
serum greater than 50% of the time, that antibody
specificity was considered to be present. Multiple
serum samples frozen after blood transfusions were
completed prior to transplantation were analyzed and
the mean PRA was calculated as the post-transfusion
HLA-class I (T cell) PRA.

A randomly selected donor panel of 29 B-cell
enriched lymphocytes, fractionated by adsorption to

Al
nylon-wool columns wJFlh subsequent elution, was
used to identify HLA-éeEss II lymphocytotoxic anti-
bodies (B-cell antibod {32]. The serum and cells
were incubated at 37 2 for 1 h, rabbit complement
was added and incut‘auon continued for 1.5h at
room temperature. p\ #omplement-medxated lysis
was graded as above izing the same criteria for
significance of reacti lw The percentage of donor
cell panel reacting wa # pressed as class II (B cell)
PRA T I

Patients’ sera idenliffed to contain HLA-class 11
(B cell) antibodies we ‘ iabsorbed with pooled blood
bank platelets from ast 10 donors. After ab-
sorbing twice for 30 w? t room temperature, the
sera were reanalyzed er *ass I (T cell) and class IT (B
cell) antibodies to deter ) ine the effectiveness of the
platelet absorption and 4htibody specificity, respec-
tively. For reevaluation‘ T"I['cell PRA, a warm (37°C)
incubation was carried oMt as with the B cell PRA.

Control HLA-class I (T cell) and HLA-class IT (B
cell) PRA were assa)ej mg the sera of 27 normal
nontransfused volunte rsg)f similar age and sex. Pos-
itive and negative controls were included on each
microtiter plate for both| HLA~class I (T cell) and
HLA-class II (B cell) fnﬂcrolymphocytotoxicity as-
says. ‘

Crossmatch Techmquﬂ‘

A modification of ‘t technique described by
Amos et al. [31] with anti-[gG to increase the sensitiv-
ity was performed on q ntial donor-recipient pairs
prior to transplantation, |||

Statistical Analysis ‘ H

Survival distributionsof differences in the PRA
before and after blood|‘t‘ nsfusions (transfusion-re-
lated cytotoxic antibodi # as well as post-transfusion
PRA levels were anal . The relationship of sur-
vival (greater than or Iegs han 1 year) was evaluated
when the time lag betwcl;‘em initial dialysis, transplan-
tation workup or the last/tfansfusion was compared to
the time of the subseqdem transplant. Other factors
which influence kidney graft survival such as the
number of blood tran d ions, immunosuppressive
therapy, HLA matches, gi sex, parity, prior dialysis
and the production of nﬁl ospecific or multispecific
HLA antibodies were #} considered. These vari-
ables were examined to{ld¢termine whether an asso-
ciation existed betwee Hﬁe level of transfusion-in-
duced cytotoxic annbodr ﬂgroductlon and the presen-
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Fig. 1. The effect of differences between pre- and post-transfusion B cell PRA values, expressed as transfu-
sion-related HLLA class II B cell antibodies, on renal allograft survival. TransplantJ su Urvival in patients with
greater than or equal to 10% PRA is compared to those with less than 10% PRA. The cumulauve survivorship

function is displayed as 100, 75, 50 and 25% allograft survival.

sitization caused by pregnancy, specific HLA anti-
body synthesis, sex, waiting time on the transplant
list, the number of packed red cells or whole blood
transfusions and previous positive anti-IgG cross-
matches. Statistical analyses employed both the y°
test of independence, medial test and Gehan’s gener-
alized Wilcoxon test.

Results

Significant differences in survival of ca-
daveric renal allografts were demonstrated
when transfusion-related increases in B cell
PRA values were determined and analyzed.
Recipients with B cell PRA differences of
less than 10% between pretransfusion and
post-transfusion serum samples manifested
a median graft survival of 14 months

whereas those with valhes of greater than
10% attained a medlaanraft survival of 46
months (p = 0.0291; fig. 1). The difference
between pre- and posq-transfusmn T cell
PRA classified by the same criteria was not
significant (p = 0.5788). ﬂWhen only the post-
transfusion class II (B .cmll) PRA was consid-
ered, there was a hlghl suggestive correla-
tion with the exten51 n of survival (p =
0.0653; fig. 2). The po ”t-transfusmn T cell
PRA was not associated with lengthening the
survival of the allografti(p = 0.1611).
Packed red cells or “)hole blood sensitized
less than half the rec1p1qpts measured by the
production of monospec1ﬁc and/or multi-
specific antibodies tofl-fJLA~A and -B and/or
HLA-DR antigens. The‘ patient population

under investigation vJas sensitized to a
H‘
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Fig. 2. The effect of post-transfusion HLA class II B cell antibodies, expressed as greater than or equal to
10% PRA or less than 10% PRA, on renal allograft survival. The cumulative survivorship function is expressed

as 100, 75, 50 and 25% allograft survival.

slightly greater extent by class II HLA-DR
antigens (17 of 40 patients or 43%), com-
pared to the class I HLA-A, -B antigens (12
of 40 patients or 33%). The production of
monospecific or multispecific HLA-DR an-
tibody was shown to prolong the survival of
renal allografts by a median of 31 months
(p = 0.0090; fig. 3). No prolongation in allo-
graft survival could be demonstrated with
HLA-A or -B antibody (p = 0.3443).
Prominent among the many factors that
influence renal allograft survival is HLA-A,
-B and -DR histocompatibility between do-
nor and recipient. When one to four HLA-A,
-B matches were combined and compared to
those recipients with no matches, a signifi-
cant difference in allograft survival was ob-
served between the two groups. The median
survival for those with no matches was 11

)

months compared to the group where 60 % of
the recipients continued to maintain their
allografts by the end of follow-up, (p =
0.0255; fig.4). Comparison of HLA-DR
matches between no match and one to two
HLA-DR matches did not significantly ex-
tend allograft survival (p = 0.1852). Circulat-
ing antibodies specific for allograft antigens
failed to influence allograft survival (p =
0.3704 for HLA-DR antibodies and p =
0.7736 for HLA-A, -B antibodies.

Neither sex, parity nor age affected allo-
graft survival in the group studied. The num-
ber of whole blood or packed red blood cell
transfusions, whether 3-5 or greater, pro-
duced no detectable difference (p = 0.2506).
Likewise, the choice of prednisone or ciclos-
porin immunosuppressive therapy led to no
difference in allograft survival (p = 0.8347).
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Fig. 3. The effect of monospecific or multispecific HLA-DR antibody (Ab) on transplant survival. The
cumulative survivorship function is represented as 100, 75, 50 and 25% allograft survival.

Fig. 4. The effect of HLA-A and -B antigen matching, expressed as no match and as 1 or more matches on
transplant survival, The cumulative survivorship function is displayed as 100, 75, 50 and 25 % allograft survival.
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A historical positive crossmatch that subse-
quently became negative produced no dele-
terious effect on allograft survival (p =
0.7723). The majority of the study recipients
(25 of 40 or 63%) were diagnosed with un-
derlying hypertension which progressed to
end stage renal disease. These patients were
divided equally between the two groups with
an allograft survival of less than | year, GpA
(8 of 12 or 67%) or greater than 1 vear, GpB
(17 of 27 or 61%). Groups A and B con-
tained an equal distribution of other primary
diagnoses that included diabetes (10%),
chronic glomerulonephritis (13%), polycys-
tic kidney disease (5%), nephrosclerosis
(5%) and progressive glomerulonephritis
(3%). There was no significant effect of he-
modialysis on graft survival (GpA = mean
627 + 124, med. 436; GpB = mean 812 +
176, med. 529 days; p = 0.4956), transfusion
timing before transplantation (GpA = mean
185 + 50, med. 141; GpB = mean 160 * 24,
med. 113; p = 0.4956), and waiting time on
the transplant list (GpA = mean 211 = 36,
med. 190; GpB = mean 236 £ 29, med. 208;
p = 0.5809). The presence of B cell and T cell
cytotoxic antibodies following transfusion
therapy, with a negative crossmatch, did not
preclude proceeding with allotransplanta-
tion, with a success rate of 85% in spite
of increased cytotoxic antibody activity,
=50% T cell PRA (n = 5, mean 289 + 85
days waiting), <<50% T cell PRA (n = 35,
mean 216 + 24 days waiting) and =50% B
cell PRA (n = 11, 192 = 33 days waiting),
<50% B cell PRA (n =29, mean 253 + 28
days waiting). When = 50% B cell and T celi
cytotoxic antibody activity was compared to
the number of days on hemodialysis, a T cell
PRA of greater than 50% was associated
with the longest number of days on dialysis
[=50% T cell PRA (n = 5, mean 1,193 =+

727) and <50% T cell PRA (n = 35, mean
625 + 85)]. No difference appeared in
= 50% B cell PRA (n =5, mean 289 + 85%)
and < 50% B cell PRA (n = 35, mean 216 +
24%) when compared to the time on hemo-
dialysis.

To further define the significance of the B
cell and T cell PRA difference between pre-
and post-transfusion samples, the influence
on these quantitative parameters by sex, par-
ity, antibody production and number of
whole blood or packed red blood cell transfu-
sions was analyzed. Sex influenced the pro-
duction of transfusion-related B cell and T
cell cytotoxic antibodies quantitated as PRA
(males; n = 21, mean 4 = 3%; females, n =
19, mean 18 = 0.03%, p=0.0018 and males,
med. 3 + 3%; females, med. 10 = 0.1, p =
0.0286, respectively) (fig. 5). When males
and nulliparous females were grouped to-
gether and compared to parous females, an
increase in the transfusion-related B cell
PRA was associated with parous females (n =
25, mean 6 = 3% and n = 14, mean 20% =+
4, p = 0.0059, respectively) (fig. 6). This as-
sociation was not observed with transfusion-
related T cell PRA (p = 0.2074). There was,

Fig. 5. The influence of sex on transfusion-related
B and T cell cytotoxic antibodies expressed as the dif-
ference in the pre- and post-transfusion PRA level is
represented by boxes. The median values (50th per-
centile) are displayed as vertical lines within the
boxes, while the 25th and 75th percentiles form the
outer edges of each box.

Fig. 6. The influence of sex and parity on transfu-
sion-related B and T cell cytotoxic antibodies repre-
sented as the difference in the pre- and post-transfu-
sion PRA level is depicted as boxes. The median val-
ues (50th percentile) are displayed as vertical lines
within the boxes, while the 25th and 75th percentiles
form the outer edges of each box.
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however, no association of either transfu-
sion-related B cell or T cell PRA with the
number of pregnancies, p = 0.8738 and
0.2969, respectively. The production of
monospecific or multispecific HLA-A, -B an-
tibodies was not correlated with an increase
in the transfusion-related T cell PRA (p =
0.3173). In contrast, the production of mono-
specific or multispecific HLA-DR antibody
was significantly related to an increase in
transfusion-related B cell PRA, p = 0.0001.
To account for sex differences in the transfu-
sion-related PRA, the preceding observa-
tions were categorized and analyzed by sex.
Females and males alike demonstrated a sig-
nificant production of transfusion-related
monospecific or multispecific HLA-DR an-
tibodies, p = 0.0162 and 0.00984, respective-
ly. In contrast, neither females nor males
produced significant monospecific or multi-
specific HLA-A, -B antibodies associated
with increases in transfusion-related T cell
PRA levels, p = 0.2579 and 0.6015, respec-
tively. -
Baseline B cell PRA levels for females and
males entering the study were mean 29 + 6
and mean 13 = 2%, respectively. The mean
PRA levels for females and males after three
or more transfusions of whole blood or
packed red blood cells were 47 + 6 and 17 £
4%, respectively. Females in this investiga-
tion demonstrated a higher baseline B cell
PRA and attained a higher B cell PRA level
after transfusion than did their male coun-
terparts. The control group of 27 volunteers
(14 females, 13 males) manifested a mean B
cell PRA of 9 £ 1%. When the group was
divided by sex, there was no difference in the
mean B cell PRA levels (females = 9 + 2%,
males =8 + 2%). Parity in the control group
was relatively low with only 4 of 14 females
known to be parous. This could explain the

diminished B cell PRA levels in this group of
females.

The majority of males (18 of 21 or 85%)
failed to respond to multiple blood transfu-
sions with the production of increased B cell
cytotoxic antibodies. More than half of the
male nonresponders (11 of 18 or 61 %) were
included in GpB, the successful allograft
group. Three males (3 of 21 or 14%) with
elevated transfusion-related B cell cytotoxic
antibodies produced monospecific or multi-
specific HLA-DR antibody. One male with
an increase in B cell PRA after transfusion of
slightly less than 10% developed a specific
HLA-DR antibody. All males who re-
sponded with an increased B cell PRA, at-
tributable to monospecific or multispecific
HLA-DR antibodies were determined to
have a successful allograft. Females who pro-
duced monospecific or multispecific HLA-
DR antibody (13 of 14 or 93%) in response
to blood transfusions successfully accepted
cadaveric renal allografts. Only 1 of 14 (7%)
of the female responders experienced allo-
graft survival of less than | year. By contrast,
only 1 parous nonresponder had a successful
allograft, whereas 4 of 5 (80%) female non-
responders developed allograft failure in less
than 1 year.

In conclusion, the number of blood trans-
fusions, whether more or less than 5, showed
no effect on the increased production of
transfusion-related B cell or T cell cytotoxic
antibodies detected by PRA, p = 0.7296 and
0.5302, respectively.

Discussion
Successful transplantation of renal allo-

graft recipients with historical positive cross-
matches but negative pretransplant sensitive
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anti-IgG crossmatches [26-28] has provoked
interest in the conditioning effect of blood
transfusion therapy and its mechanism of
action. Terasaki [34] has suggested that the
beneficial effect of transfusions on allograft
survival can be attained only in conjunction
with immunosuppressive therapy. Anderson
et al. [13] concluded that donor-specific
transfusions with or without Imuran® im-
proved allograft survival with the former de-
veloping minimal sensitization. Abouna et
al. [2] postulated that immunization by the
intravenous route with whole-blood transfu-
sions in mongrel dogs probably modified the
antigen in some manner to produce a block-
ing effect on cell-mediated immunity or a
stimulation of suppressor T cells. Opelz et al.
[3] presented evidence that mixed lympho-
cyte blocking antibodies appeared after
transfusion and improved the fate of trans-
plants. Kaltzmann et al. [23] concluded that
suppression of the mixed lymphocyte reac-
tion after blood therapy was attributable to
suppressor cells, indicating that nonspecific
immunosuppression could be generated. In
contrast, Jeffery et al. [25] found no correla-
tion between the number of transfusions and
magnitude of the mixed lymphocyte re-
sponse. The phenomenon of prolonged renal
allograft surivival following blood transfu-
sion was postulated by Van Es et al. [4] to be
immunologically nonspecific since RhLA
product sharing between blood and kidney
donors in rhesus monkeys was less than
could be expected for immunologic enhance-
ment. Keown and Descamps [6] suggested a
nonspecific RBC-mediated modulation of
the immune response reflecting the RBC-
filled macrophage’s impaired antigen pro-
cessing and phagocytic function. Fehrman et
al. [24] concluded that transfusions led to a
‘selection effect” where fewer patients with

antibodies received grafts. Trends that Ho-
rimi et al. [29] observed were most compat-
ible with the concept that leukocytes pro-
duce the transfusion effect since leukocyte-
rich whole blood was more effective than
leukocyte-deficient frozen blood in prolong-
ing allograft survival.

Our results indicate that 3, 4, 5 or more
transfusions of packed red blood cells or
whole blood extended allograft survival
through both monospecific or multispecific
B cell cytotoxic antibodies. A boost in B cell
antibody activity following blood transfu-
sions prolonged graft survival, whereas the
associated T cell cytotoxic antibody activity
had no effect. Opelz et al. [22] in a large
study of 737 hemodialysis patients receiving
up to 20 transfusions found no elevation in
the T and B cell cytotoxic antibody reactivity
which they expected. After five transfusions
Fehrman et al. [24] detected only B cell cyto-
toxic antibodies. Whereas Horimi et al. [29]
showed that cytotoxic antibodies were not
necessarily injurious to renal allotransplants,
there was a slightly diminished graft survival
rate in recipients manifesting warm reactive
anti-T lymphocyte antibodies. In the rhesus
monkey, Van Es et al. [4] argued against B
cell alloantibodies extending allograft sur-
vival, as no correlation was observed be-
tween positive B cell crossmatches and pro-
longed graft survival.

HLA-A, -B antigen matching in several
studies revealed no correlation with graft
survival [7, 11, 16, 18, 19, 21]. In contrast,
others suggested improvement in graft sur-
vival with HLA-A, -B antigen matching [5,
15]. The present investigation detected a sig-
nificant facilitation of allograft survival
when at least one HLLA-A, -B antigen was
matched. Many authors proposed that HLA-
DR antigen matching alone improved graft
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survival [15-20]. This finding, however, was
not universal [21]. Similar to the report by
Opelz and Terasaki [21], we did not observe
an extension of graft survival through HLA-
DR matching in this particular group of ran-
domly selected recipients.

Females were reported by Opelz et al. [3]
to have twice the incidence of cytotoxic anti-
bodies as males vet the same survival rates.
By contrast, a Norwegian study showed that
the beneficial effect of blood transfusions
was more pronounced in males [10]. In the
present investigation, sex influenced the
production of transfusion-related B cell and
T cell cytotoxic antibodies with females pro-
ducing higher levels than males. The inci-
dence of both cytotoxic antibodies in fe-
males was 4 times the incidence in males.
All females producing both B cell and T cell
cytotoxic antibodies were shown to have
graft survival rates of greater than 2 years
with the exception of 1 at greater than 1
vear. Males demonstrating B cell cytotoxic
antibodies were also protected against graft
loss. Although the majority of males failed
to respond to multiple blood transfusions,
greater than half experienced successful
transplantation. Therefore, other factors not
yet revealed contributed to allograft survival
in males. Females responding to multiple
transfusions with the appearanace of mono-
specific or multispecific HLA-DR anti-
bodies are almost assured of a successful
allograft.

Baseline B cell cytotoxic antibodies were
highest in females and rose to higher levels
compared to males after blood transfusions.
In the control group divided equally among
males and females, there appeared to be no
sex difference in the production of B cell
cytotoxic antibodies. Since the number of
parous females in the control group was

equal to the number of nulliparous females
in the study group, this could explain why no
sex differences were observed in the control
group.

Many authors have noted a propensity in
parous females to elaborate cytotoxic anti-
bodies following blood transfusion [14, 22].
Parity is believed by some to improve allo-
graft survival [26] while others disagree [9].
Our results did not confirm increased allo-
graft survival with parity, although parity
correlated well with increased transfusion-
related B cell cytotoxic antibody production.
In contrast to Opelz et al. [22], we were
unable to correlate a rise in transfusion-
related B or T cell cytotoxic antibodies with
the number of pregnancies. The increased
reactivity to blood transfusions in females
may be related to an anamnestic response
where the initial sensitization to lympho-
cytes may be through the transplacental ex-
change of blood during parturition. Another
explanation could be the propensity of fe-
males to produce higher levels of immuno-
globulins compared to males, which is linked
to the effect of estrogen on the immune sys-
tem [33].

Also of significance was the association of
HLA-DR monospecific or multispecific an-
tibodies with the increased production of
transfusion-related B cell cytotoxic anti-
bodies. In contrast, there was no association
of monospecific or multispecific HLA-A, -B
antibodies with an increase in transfusion-
related T cell cytotoxic antibodies. The oc-
currence of B cell cytotoxic antibodies did
not differ from that of T cell cytotoxic anti-
bodies although monospecific or multispe-
cific HLA-DR antibodies occurred more fre-
quently after transfusions than did HLA-A,
-B antibodies. In addition, there was no sex
difference in the correlation of HLA-DR an-
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tibodies with increased transfusion-related B
cell cytotoxic antibody levels.

Barnes [8] projected that allograft losses
caused by sensitization would equal or ex-
ceed the gains anticipated from a universal
transfusion policy. Opelz et al. [3] con-
cluded that the higher risk of graft failure
with cytotoxins was attributed to mis-
matching of HLA antigens with the produc-
tion of antigraft antibodies. The danger of
patients developing high levels of cytotox-
ins was suggested to be the most urgent
caveat of blood transfusions. With the iden-
tification of specific cytotoxins prior to sur-
gery and the selection of a suitable mis-
match, graft failures could be avoided [3].
The risk of rendering a recipient nontrans-
plantable with blood transfusions was re-
vealed to be minimal [22]. Only T cell sen-
sitization was considered to result in hyper-
acute rejection [22, 29]. Good graft survival
could be obtained in many hypersensitized
recipients of blood transfusions primarily
with the initial renal allograft [26]. In those
who were alloimmunized, a sensitive nega-
tive crossmatch abolished any decrease in
graft survival [26, 27]. In our study, the
production of specific HLA-A, -B antibody
and transfusion-related T cell cytotoxic an-
tibodies was not observed to decrease sig-
nificantly the survival of the kidney allo-
graft, whereas production of antibodies spe-
cific for HLA-DR antigens and transfusion-
related B cell cytotoxic antibodies actually
prolonged graft survival. When circulating
monospecific or multispecific HLA-DR or
HLA-A, -B antibodies matched or cross-
reacted with the kidney allograft, no signifi-
cant decrease in graft survival occurred.
The same was true when a positive cross-
match was obtained prior to the negative
crossmatch.

Salvatierra et al. [26] observed that the
occurrence of preformed cytotoxic anti-
bodies at greater than 50% PRA were associ-
ated with longer periods on dialysis which
reflected difficulty in finding compatible ca-
daver kidneys. Hormini et al. [29] also pro-
posed that transfused patients must wait lon-
ger than nontransfused patients for a trans-
plant. In contrast, a Norwegian study de-
tected no differences in the waiting time for
a transplant or the length of time on dialysis
in the transfused compared to nontransfused
group [10]. Likewise, we observed no effect
when waiting times and length on dialysis
were compared to allograft survival. Neither
B cell nor T cell reactivity of greater than
50% PRA after transfusion therapy was as-
sociated with a longer waiting period. Recip-
ients demonstrating T cell cytotoxic anti-
bodies of greater than 50% PRA were, how-
ever, found to be associated with longer peri-
ods on hemodialysis. Sensitization to T cells
may have occurred during hemodialysis
treatment over an extended period rather
than through a series of blood transfusions
administered just prior to transplantation.

Summary

It is widely accepted that transfusions are benefi-
cial to the outcome of renal allotransplantation.
Whereas some investigators suggested that transfu-
sions may induce both specific and nonspecific sup-
pression of the cell-mediated immune response, oth-
ers disagree. To lend clarity to this discrepancy, we
collected 40 serum samples before and after blood
transfusion therapy of first-time cadaveric renal allo-
graft recipients and evaluated each for T cell and B
cell cytotoxic antibodies using an Amos modified
complement-dependent microlymphocytotoxicity as-
say. When greater than 10% of the panel cells reacted
with a grade 4 or better, the panel was considered
significant, and when a lymphocyte specificity was
lysed by antibody-rich serum greater than 50% of the
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time, the antibody was considered specific. Control T
and B cell PRA assays employed sera from 27 normal
nontransfused volunteers of similar age and sex. Sur-
vival distributions of differences in the PRA before
and after blood transfusions and posttransfusion PRA
levels were compared using the Gehan generalized
Wilcoxon test. Other factors which influence allograft
survival such as HLA-A, -B and -DR matches, num-
ber of blood transfusions, immunosuppressive thera-
py, age, sex, parity, previous positive crossmatch, cir-
culating cytotoxic antibodies matching the graft, prior
dialysis, lenght of time on the waiting list, lapse of
time between transfusion and transplantation and the
underlying primary diagnosis were also considered
using the Gehan generalized Wilcoxon test or the y?2
approximation.

Transfusion-related B cell cytotoxic antibodies,
HLA-DR monospecific or multispecific antibodies
and HLA-A, -B matching extended graft survival in a
significant manner. Sex influenced the production of
B and T cell transfusion-related cytotoxic antibodies
with females producing greater quantities of anti-
bodies than males. Parity and the production of
monospecific or multispecific antibody were associ-
ated with an increase in transfusion-related B cell
cytotoxic antibody. A difference in sex was not linked
to the production of monospecific or multispecific
HLA-DR antibodies. The majority of males failed to
respond to multiple blood transfusions with the pro-
duction of B cell cytotoxic antibodies although more
than half were successfully grafted. All females and
males who responded with the production of B cell
cytotoxic antibodies monospecific or multispecific,
with the exception of I female, demonstrated an allo-
graft survival of greater than 1 year.

In conclusion, differences between pre- and post-
transfusion B cell PRAs and monospecific or multi-
specific HLA-DR antibodies identified in patient sera
following transfusions were good predictors of renal
allograft survival in both males and females. Other
prognosticators of good allograft outcome for males
failing to produce B cell cytotoxic antibodies will be
elucidated through further research.
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