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Abstract

The purpose of the present study was to evaluate the mixed lympho-
cyte culture as a predictive assay of acute and chronic graft-versus-
host disease (GVHD). We studied 153 patients who received a first
bone marrow transplantation from human leukocyte antigen-identical
siblings. Acute GVHD was observed in 26 of 128 (20.3%) patients
evaluated and chronic GVHD occurred in 60 of 114 (52.6%). One-
way mixed lymphocyte culture (MLC) assays were performed by the
standard method. MLC results are reported as the relative response
(RR) from donor against patient cells. The responses ranged from
-47.0 to 40.7%, with a median of 0.5%. The Kaplan-Meier probability
of developing GVHD was determined for patients with positive and
negative MLC. There was no significant difference in incidence of
acute GVHD between the groups studied. However, the incidence of
chronic GVHD was higher in recipients with RR >4.5% than in those
with RR £4.5%. The Cox Proportional Hazards model was used to
examine the effect of MLC levels on incidence of chronic GVHD,
while adjusting for the potential confounding effect of others sus-
pected or observed risk factors. The relative risk of chronic GVHD
was 2.5 for patients with positive MLC (RR >4.5%), 2.9 for those who
received peripheral blood progenitor cells as a graft, and 2.2 for
patients who developed previous acute GVHD. MLC was not useful
for predicting acute GVHD, but MLC with RR >4.5% associated with
other risk factors could predict the development of chronic GVHD,
being of help for the prevention and/or treatment of this late complica-
tion.
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Introduction

The development of acute and chronic
graft-versus-host disease (GVHD) is still a
severe complication in allogeneic bone mar-
row transplantation (BMT) and depends on
multiple factors (1). The selection of bone
marrow donors has been based on serology
and on DNA-based techniques for definition
of human leukocyte antigen (HLA) compat-
ibility. Mixed lymphocyte culture (MLC)
has been proposed as a functional test to
measure in vitro allo-responsiveness and has
been used to select matched recipients and
donors in BMT for over 30 years (2). The
development and routine use of high resolu-
tion DNA typing techniques for MHC Il
alleles has led to different opinions on the
importance of MLC for the selection of BMT
donors (3). Although the MLC had become
somewhat redundant as a prospective assay
of compatibility, it has permitted the evalua-
tion of the stimulatory capacity of different
class I gene products and may contribute to
the decision on the suitability of a potential
donor. In the present study, we analyzed
the correlation between MLC results and
GVHD inBMT involving HLA-identical sib-
lings.

Patients and Methods
Patients and donors

A total of 153 patients aged 3 to 59 years
(median: 29 years) with hematological ma-
lignancies, who underwent a first allogeneic
BMT at the Hematology and Hemotherapy
Center, State University of Campinas, from
September 1993 to November 1999, were
followed up for clinical outcome up to July
31, 2001. The present study included only
patients who received an allogeneic BMT
from HLA-identical siblings with available
MLC data. One hundred and thirteen pa-
tients received bone marrow as a graft and
40 patients received peripheral blood pro-
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genitor cells (PBPC). In the evaluation of
acute GVHD, 25 patients were excluded
from the analysis because 18 had died with-
out acute GVHD and 7 had received marrow
reinfusion before day 100, and in the evalu-
ation of chronic GVHD, 14 additional pa-
tients were excluded because they died be-
fore day 100 with acute GVHD, leaving a
total of 114. The patient and treatment char-
acteristics are listed in Table 1. The present
study was performed according to the Ethics
Committee of the Hematology and Hemo-
therapy Center.

HLA typing

Patients and donors were HLA-A, -B,
-DR and -DQ typed using monoclonal anti-
bodies (One Lambda®, Canoga Park, CA,
USA) or alloimmune sera (Pel-Freez®, Brow
Deer, WI, USA) up to October 1997. Low
resolution molecular typing of DRB1 and
DQB1 was then performed using the Dynal®
sequence-specific primer (Dynal Ltd.,
Bromborough, Wirral, UK).

Mixed lymphocyte culture

One-way MLC assays were performed
according to standard techniques. Briefly,
mononuclear cells were isolated from hep-
arinized blood by flotation over Ficoll and
resuspended in culture medium. Mono-
nuclear responder cells (1 x 10°) were cul-
tured in triplicate in trays with 1 x 10° mito-
mycin-C-treated stimulator cells for 6 days
in a humidified atmosphere with 5% CO,.
Cultures were pulse labeled with tritiated
thymidine and further incubated for 20 h at
37°C. After harvesting by aspiration onto
glass fiber filters, total isotope incorporation
was determined with a scintillation counter
per minute. The MLC levels were expressed
as mean counts per minute in triplicate cul-
tures and were standardized for purposes of
comparison according to procedures previ-
ously described (4):
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Allogeneic MLC - autologous MLC
RR(%) = x 100.
Maximum MLC - autologous MLC

The reference response value is equated to
the maximum response obtained for the par-
ticular responder cell in the experiment; this
is usually provided by one of the individual
unrelated control cells or by the pool of
unrelated control cells. The ratio is usually
multiplied by 100 to yield a “percent relative
response (RR) value”.

Transplantation procedures

All patients were prepared for BMT ac-
cording to protocols appropriate for their
underlying and overt disease. Bone marrow
was obtained from donors by standard
methods. All PBPC donors received rhG-
CSF (Granulokine; Roche, Sdo Paulo, SP,
Brazil) by subcutaneous injection as de-
scribed elsewhere (5). Day 0 for the recipi-
ents was defined as the day of bone marrow
or PBPC infusion. A summary of pretreat-
ment preparative regimens and GVHD
prophylaxis is shown in Table 1. PBPC
and bone marrow were analyzed for
CD34+ cells and T-cell subsets by flow
cytometry. Monoclonal antibodies were
obtained from Becton Dickinson® Immuno-
cytometry Systems (San Jose, CA, USA).
Neutrophil engraftment was considered to
have occurred on the first of two consecutive
days with an absolute neutrophil count
>0.5 x 10%1. Platelet engraftment was con-
sidered to have occurred on the first of
seven consecutive days with a platelet
count >20.0 x 10%1 without platelet transfu-
sion. Engraftment was also documented
by marrow aspiration, biopsy and cytoge-
netic assessment and grading of acute and
chronic GVHD was performed using the
Glucksberg (6) and Shulman (7) criteria,
respectively. In this study, only disease of
grade two or more was considered to be
acute GVHD.
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Clinical support

Supportive care was provided in private
rooms equipped with HEPA filters. Irradi-
ated red blood cell and platelet transfusions,
as well as broad-spectrum antibiotics to-
gether with anti-fungal agents, were given
whenever indicated. Ceftazidime adminis-
tration was started as soon as the neutrophil
count dropped below 0.5 x 101 and changes
in antibiotics were made as indicated by

Table 1. Patient and treatment characteristics.

Number of patients 153
Patient age (median) 3-59 years (29)
Donor/patient gender M/M = 51/97 (52.6%)

FIM = 46/97 (47.4%)
MIF = 26/56 (46.4%)
FIF = 30/56 (53.6%)

Conditioning regimen Bu + Cy = 44 (28.7%)
Bu + Cy2 = 82 (53.6%)
Bu + Cy + VP =9 (5.9%)
Cy =6 (3.9%)
Cy + ATG =1 (0.7%)
Cy2 + TBI = 10 (6.5%)
Cy + Mel =1 (0.7%)

First BMT graft

BM 113 (73.9%)
PBPC 40 (26.1%)
GVHD prophylaxis MTX + CsA = 141 (92.2%)

CsA =2 (1.3%)
CsA + cort = 10 (6.5%)

Malignant diseases

Early disease (CML, 1st CP; AML, 1st CR; 91 (59.5%)
AML, 1st rel; ALL, 1st CR)
Late disease (CML, AP/BC; AML > 1st rel; 33 (21.6%)

refractory AML, ALL > 2nd)

Other malignant and non-malignant diseases 29 (18.9%)
(AA, PNH, MDS, NHL, MM, DBA, CMML, DAC)

M, male; F, female; BMT, bone marrow transplantation; BM, bone marrow; PBPC,
peripheral blood progenitor cells; GVHD, graft-versus-host disease; CML, chronic
myeloid leukemia; CP, chronic phase; AML, acute myeloid leukemia; CR, complete
remission; rel, relapse; ALL, acute lymphoblastic leukemia; AP/BC, accelerated phase/
blastic crisis; AA, aplastic anemia; PNH, paroxysmal nocturnal hemoglobinuria; MDS,
myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma; MM, multiple myeloma;
DBA, Diamond-Blackfan anemia; CMML, chronic myelomonocytic leukemia; DAC,
dyserythropoietic anemia congenital; Bu, busulfan; Cy, cyclophosphamide; VP, etopo-
side; ATG, antithymocyte globulin; TBI, total body irradiation; Mel, melphalan; MTX,
methotrexate; CsA, cyclosporine; cort, corticosteroid.
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Figure 1. Incidence of chronic
graft-versus-host disease (GVHD)
following bone marrow trans-
plantation as a function of the
relative response (RR) of mixed
lymphocyte culture.

Figure 2. Incidence of chronic
graft-versus-host disease (GVHD)
following bone marrow trans-
plantation as a function of graft
source. PBPC, peripheral blood
progenitor cells; BM, bone mar-
row.
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cultures and clinical course, keeping the pa-
tient on antibiotics until the granulocyte count
reached 1.0 x 10%1. All patients received
Ganciclovir (5 mg kg! day! three times a
week) after bone marrow recovery as a pro-
phylactic measure for cytomegalovirus in-
fection until day 75 post-transplant. Nutri-
tional support, including total intravenous
nutrition, was provided to assure an adequate
nutritional balance.

Statistical analysis

Patients were classified as having no acute
or chronic GVHD at the time of marrow
reinfusion or at the time of death. The Kaplan-
Meier methods and the log-rank test were
used to determine the probability of acute
and/or chronic GVHD. Regarding MLC, the
cut-off points were found based on the re-
ceiver operator characteristic curve and on
literature (8). A cut-off point of 4.5% was
established for chronic GVHD and a cut-off
point of 5% for acute GVHD.
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The variables included were patient age,
sex, disease status, graft source (bone mar-
row or PBPC), prior acute GVHD and posi-
tive MLC, which were examined for asso-
ciation with chronic GVHD. Factors associ-
ated with the risk of chronic GVHD in uni-
variate analysis at the P<0.20 level of signif-
icance were examined by multivariate anal-
ysis using proportional hazards regression
(Cox Model). All P values <0.05 were con-
sidered to be significant. The SAS System
version 6.12 for Windows 95 and SPSS soft-
ware version 10.0.5 were used.

Results

Relative response values and clinical
outcome

The RR values ranged from -47.0 to
40.7% (median, 0.5) in 153 donor versus
recipient responses analyzed by the MLC
method. Acute GVHD of grade two or higher
was observed in 20.3% (26/128) of patients,
distributed as follows: 23.1% grade 2, 30.8%
grade 3 and 46.2% grade 4. Chronic GVHD
was observed in 52.6% (60/114) of patients,
limited in 23.3% and extensive in 76.7%.
Thirteen percent of cases had prior acute
GVHD.

Risk of acute and chronic GVHD

Using standard life-table methods and
regression models, no association was found
between acute GVHD and any of the vari-
ables tested. Kaplan Meier estimates showed
that chronic GVHD was observed in 75% of
recipients with RR >4.5% and in 58% of
those with RR <4.5% (P = 0.01) (Figure 1).
The probability of chronic GVHD was in-
creased in the group that received PBPC
compared to the group that received bone
marrow (85 vs 54%, P<0.0001) (Figure 2)
and the group that had developed prior acute
GVHD (78 vs 60%, P = 0.04) (Figure 3).

Using the Cox Proportional Hazards mo-
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del, the risk of earlier chronic GVHD was
observed when RR was >4.5%, when pa-
tients had received PBPC as a graft or when
the recipients had already developed acute
GVHD (Table 2). When continuous RR was
used, the relative risk of earlier chronic
GVHD increased by 1.0 for each RR unit (P
=0.004); for PBPC as graft cells the risk was
2.5(P=0.001), and for previous acute GVHD
the risk was 2.2 (P = 0.03). The median time
to onset of chronic GVHD for patients with
RR >4.5% was 201 days and for those with
RR <4.5%, 233 days. For patients who re-
ceived bone marrow as graft this median
time was 238.5 days and for those who re-
ceived PBPC it was 214.5 days. The median
time was 147.0 days for patients with previ-
ous acute GVHD factor and 228.5 days for
those without this factor.

Discussion

We observed acute GVHD in 20.3% of
HLA-matched siblings and chronic GVHD
in 52.6%. Disparities in minor histocom-
patibility antigen HA-1 (9) and HLA-DP
incompatibilities (10) could be involved in
the development of acute GVHD. Another
possibility is that post-transplant immuno-
logical tolerance, including suppressive
mechanisms, may influence the development
of GVHD (11). The use of the MLC assay
has been questioned as a predictor of acute
GVHD in HLA-identical sibling transplants
(12,13). The authors suggested that conven-
tional MLC could be omitted in HLA-A, -B
and -DR compatible sibling bone marrow
transplants. Our data did not demonstrate
any association between acute GVHD and
MLC. It is possible that other factors not
related to HLA or specific DP disparity not
detectable in the MLC can lead to acute
GVHD.

Nevertheless, MLC results seemed to be
important for predicting chronic GVHD be-
cause GVHD occurred more frequently and
earlier in recipients who showed positive

MLC (RR >4.5%). The development of
chronic GVHD is complex and it is not
completely understood. At least two phe-
nomena can be associated with it, the de-
crease of graft monocytes and the mainte-
nance of T-cells for a long time after BMT.
These types of cells are producers of cyto-
kines that can act as defenders or promote
inflammation (14). The MLC reflects the
capacity of T-cells to produce the cytokines
through an allogeneic stimulus.

Evidence favoring distinct mechanisms
of acute and chronic GVHD includes the
difference in clinical manifestations. Both of
them may affect multiple solid organs, but
the chronic form has been correlated with
the development of autoimmune-like sequels
due to autoreactive T lymphocytes (15). Thus,
development of different T-cell subsets may
influence the clinical manifestations of the
alloreactive component of GVHD.

Furthermore, we confirmed previous re-
ports from our group and others that have
shown a high incidence and/or severity of
chronic GVHD after PBPC grafting (5,14)

and after acute GVHD (16).
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Figure 3. Incidence of chronic
graft-versus-host disease (GVHD)
following bone marrow trans-
plantation according to previous
acute GVHD (aGVHD).

Table 2. Factors involving chronic graft-versus-host disease (GVHD) risk.

Statistical method Variables Relative risk  CI (95%) P value

Multivariate Cox MLC (RR >4.5%) 25 1.4-4.5 0.001
PBPC graft 2.9 1.6-5.1 0.0002

Proportional Hazards  Previous acute GVHD 2.2 1.0-4.9 0.03

Cl, confidence interval; MLC, mixed lymphocyte culture; RR, donor versus recipient
relative response; PBPC, peripheral blood progenitor cells.
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Although today DNA-based techniques
have improved HLA typing, our data suggest
that MLC reactivity may be clinically useful
in predicting the development of chronic
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