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UNBOUND CYCLOSPORINE AND ALLOGRAFT REJECTION
AFTER HEART TRANSPLANTATION
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Background. To determine the impact of cyclospor-
ine plasma protein binding on organ rejection after
cardiac transplantation, the incidence of cardiac re-
jection episodes was compared among patients who
had differing levels of cyclosporine plasma fraction
unbound (fU).

Methods. Forty-six consecutive cardiac transplant
recipients were sampled at 1, 3, 6, and 12 months after
transplantation, and cyclosporine plasma fU was de-
termined, using a specially developed equilibrium di-
alysis method. At the completion of the study, inci-
dences of cardiac rejection episodes were compared
among patients having mean cyclosporine fU (Csfu)
that were low (LCsfu; mean 6 SD, 1.3360.10%, n515),
intermediate (ICsfu; 1.6060.07%, n516), and high (HCsfu;
1.9960.30%, n515).

Results. Percentage of endomyocardial biopsies
(grade 3a, 3b, and 4) with respect to the total number
of biopsies performed in the first 3 months after trans-
plant was significantly higher in the LCsfu group than
the other groups (40.9% in LCsfu vs. 28.5% for ICsfu and
32.1% for HCsfu groups, P50.02). The linearized rate of
rejection (episodes of rejection/100 patient-days) in
the first month after transplant was 6.561.7 for LCsfu,
3.560.8 for ICsfu and 4.360.9 for the HCsfu group
(P<0.05, low vs. intermediate-high). The mean (95%
confidence interval) of time interval between the first
and second episodes of rejections was 10.7 (5.6–16.0)
days for LCsfu, 18.0 (8.6–29.0) days for the ICsfu, and 26.0
(15.1–36.9) days for the HCsfu group (P<0.01). The total
number of rejections requiring treatment per patient
in the first 3 months after transplant was higher in the
LCsfu group compared with the others (4.061.7 epi-
sodes for LCsfu vs. 2.961.1 for ICsfu and 3.261.2 episodes
for HCsfu; P<0.05). Four patients in the low group, one
patient in the intermediate group, and no patients in
the high group required treatment with total lym-
phoid irradiation (P<0.02).

Conclusions. This finding suggests that patients
with lower levels of cyclosporine fU are more prone to
cardiac rejection and that the level of cyclosporine
fraction unbound may be clinically important for de-
termination of response to cyclosporine therapy.

Allograft rejection remains a critically important problem
after organ transplant. In heart transplantation, the danger
of organ rejection is exacerbated by the fact that graft failure
often results in death of the patient (1). Therapeutic moni-

toring of total blood concentration of cyclosporine is routinely
practiced after transplantation. The usefulness of the moni-
toring of total cyclosporine concentrations as an indicator of
organ rejection is subject to debate (2). Cyclosporine is a
hydrophobic molecule, which is highly bound to blood cells
and plasma components. In plasma, it is bound predomi-
nantly to cholesterol-rich lipoproteins including low-density
lipoprotein (LDL*) and high-density lipoprotein (3). The un-
bound or free fraction (fU) of cyclosporine in plasma, as deter-
mined by equilibrium dialysis, is approximately 1–2% (4, 5).

In a retrospective study of heart transplant recipients, we
have observed that the level of cyclosporine fU was signifi-
cantly lower at the time of an endomyocardial biopsy result of
grade 3a or above (rejection requiring treatment) than at the
time of no rejection (grade 0) or grade 1a rejection episodes
(6). This finding is consistent with the finding of Lindholm
and colleagues (7), in renal transplant recipients, who ob-
served that both cyclosporine unbound fraction and unbound
concentration were significantly lower at the time of rejec-
tion.

The aim of the present study was to determine whether the
overall level of cyclosporine fU is an important indicator of
organ rejection after cardiac transplantation.

PATIENTS AND METHODS

Patients. Forty-six consecutive heart transplant recipients were
included in the study and followed for 1 year after transplant. The
patients included in this study were part of a randomized clinical
trial in which ketoconazole was administered as a cyclosporine met-
abolic inhibitor (8). The Research and Ethics Committee of St. Vin-
cent’s Hospital approved the study, and written consent was ob-
tained from each patient participating in the trial. Blood samples
were collected during outpatient visits, coincident with the collection
of blood for routine biochemical, cytological, and cyclosporine total
concentration measurements.

Determination of cyclosporine fU. Samples of blood were obtained
at outpatient visits at 1, 3, 6, and 12 months after transplantation.
Cyclosporine fU was measured in plasma by the previously described
equilibrium dialysis method (9) employing stainless steel cells in
order to minimize extensive nonspecific binding of cyclosporine to
apparatus. Samples of [3H]cyclosporine were purified using high-
performance liquid chromatography. The method had an intra-day
coefficient of variation of less than 15% (n516). At the completion of
the study (end of first year after transplant) mean values of cyclo-
sporine fU were calculated for individual patients. Mean number of
observations per patient was 4.16 (median: 4), ranging from 2 to 7.
Mean values were ranked from lowest to highest using the SPSS™
computer package, and three arbitrarily defined groups of patients
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having low (LCsfu), intermediate (ICsfu), and high (HCsfu) values of
cyclosporine fU were identified. The means 6 SD of cyclosporine
plasma fU expressed as a percentage were 1.3360.10%, 1.6060.07%,
and 1.9960.30% for LCsfu, ICsfu, and HCsfu groups, respectively.

Immunosuppression and other maintenance therapy. Routine
maintenance immunosuppression consisted of cyclosporine, azathio-
prine, and corticosteroids. Before transplantation surgery, cyclospor-
ine (2–3 mg kg–1) was given as a single oral dose (unless moderate
hepatic or renal impairment was present), together with 1 g of
intravenous methylprednisolone. At the completion of surgery, an
additional 1 g of methylprednisolone was given, followed by 125 mg
intravenously every 8 hr for 3 doses. Oral cyclosporine (8 mg kg–1

day–1) was begun 24 h after surgery, together with azathioprine (2
mg kg–1 day–1) and prednisolone (1 mg kg–1 day–1, reducing to 0.18
mg kg–1 day–1 by day 14 and 0.10 mg kg–1 day–1 by 6 months).
Cyclosporine dosage was adjusted to maintain whole blood concen-
trations within the following ranges: 350- 450 mg L–1 in the first 2
months after transplantation, 300–400 mg L–1 at 2–3 months, 250–
300 mg L–1 at 3 to 6 months, 200–300 mg L–1 at 6 to 12 months, and
150–200 mg L–1 after 12 months (10). Patients in this study variously
received ketoconazole or diltiazem as cyclosporine-sparing agents, or
itraconazole or fluconazole as needed for antimicrobial therapy. All
heart transplant patients received trimethoprim (160 mg) with sul-
pha methoxazole (800 mg) daily for 2 days per week for the first
posttransplant year as prophylaxis against Pneumocystis carinii
pneumonia and toxoplasmosis.

Definition of heart rejection. Endomyocardial biopsies were per-
formed routinely at the following intervals: weekly to 1 month, every
other week to 3 months, and thereafter at 4, 5, 6, 9, and 12 months
and at other times on clinical indication. Histological rejection was
graded according to the International Society of Heart and Lung
Transplantation classification for cardiac rejection (11). Patients
with grade 0, 1a, 1b, or 2 rejection did not receive augmented immu-
nosuppression, but patients with higher grades (grade 3 and above)
were treated with oral or intravenous steroids. Resistant or recur-
rent rejection was treated with antithymocyte globulin (OKT3) or
total lymphoid irradiation (TLI).

Statistical analysis. Statistical analyses were performed using
SPSS for Windows (release 6.1, SPSS Inc). Unless otherwise stated,
all P-values were based on two-tailed tests and P-values less than
0.05 were considered significant. Differences between two or more
independent samples were assessed using the one-way test, followed
by the Bonferroni post hoc test to identify differences among indi-
vidual groups. The absolute number of events or patients in different
groups were compared by the chi-square test. Preliminary statistical
analysis of data revealed that the values in the low group were
almost consistently different from the other two groups, whereas the
differences between intermediate and high were not significant. To
simplify expressions of statistical differences, on a number of occa-
sions, the low group was compared against combined results from
the intermediate and high group (intermediate-high) using an inde-
pendent sample t test.

RESULTS

Demographic characteristics of patient population includ-
ing number of female patients, age, weight, etiology of organ
failure, number of patients who were receiving ketoconazole
or diltiazem, number of patients with diabetes mellitus, and
mean values of HLA mismatches were comparable among
the three study groups (Table 1). In addition, the dosages of
cyclosporine, azathioprine, and prednisolone and the total
concentration of cyclosporine measured using monoclonal
fluorescence polarization immunoassay were not signifi-
cantly different at 1, 3, 6, and 12 months after transplanta-
tion, with the exception of higher azathioprine dosage in the

low group at the first month after transplant (P,0.05) (Table
2).

Endomyocardial biopsy results. The percentage of biopsy-
proven rejection episode of grade 3a, 3b, or 4 relative to the
total number of biopsies performed in the first 3 months after
transplant was significantly higher (P50.02) in the LCsfu

group than either of the other groups (40.9% in LCsfu vs.

TABLE 1. Patient demographic characteristics

Variable
Groupa

Low Intermediate High

No. of patients 15 16 15
Female recipients (%) 33 37 20
Mean age 52 48 46
Weight kg (mean6SD) 71616 71612 76612
Ketoconazole 8 11 8
Diltiazem 1 3 0
Diabetes mellitus 1 1 4
Diagnosis

Cardiomyopathy 8 8 9
Ischaemic Heart Disease 4 6 4
Others 3 2 2

No. of HLA mismatches
HLA A 1.4260.51 1.2560.68 1.4660.64
HLA B 1.8560.36 1.5060.51 1.7360.45
HLA DR 1.7160.46 1.6060.50 1.4060.50
a P5NS; plus-minus values are mean6SD.

TABLE 2. Cyclosporine unbound fraction, whole blood monoclonal
trough levels, and daily dosage of cyclosporine, azathioprine, and

prednisolone for each group of patients at monthly intervals
after transplanta

Variable
Group

Low Intermediate High

CsA unbound fraction (%)
Mo 1 1.2360.35 1.4760.35 1.9460.86
Mo 3 1.2360.26 1.5060.39 1.6760.42
Mo 6 1.2360.28 1.6660.19 1.9560.67
Mo 12 1.6560.38 1.8060.50 2.4160.78

CsA total concentration (mg L21)b

Mo 1 4376172 4656218 4016128
Mo 3 3506156 3036123 268682
Mo 6 2536111 252634 259681
Mo 12 248678 218673 2496190

CsA dose (mg/kg/day)
Mo 1 4.0763.29 4.0963.03 4.7064.60
Mo 3 2.7761.98 2.9362.28 3.1363.16
Mo 6 2.4861.91 2.7561.98 2.8262.42
Mo 12 2.1361.59 2.1361.45 2.5162.42

Azathioprine (mg/kg/day)
Mo 1 1.9560.21c 1.7560.23 1.7160.24
Mo 3 1.7160.19 1.5860.38 1.5760.44
Mo 6 1.5860.30 1.3860.42 1.5060.39
Mo 12 1.6160.30 1.4960.36 1.6060.26

Prednisolone (mg/kg/day)
Mo 1 0.2360.03 0.2260.03 0.2660.11
Mo 3 0.2060.02 0.2060.02 0.1960.02
Mo 6 0.1960.02 0.1860.04 0.1860.02
Mo 12 0.1760.02 0.1660.03 0.1660.03

a Plus-minus values are mean6SD; CsA, cyclosporine.
b Measured in whole blood using monoclonal fluorescence polar-

ization immunoassay.
c P,0.05, significantly higher than intermediate and high groups.
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28.5% for ICsfu and 32.1% for HCsfu group) (Table 3). Further-
more the percentage of less severe rejection episodes (grades
1a, 1b, or 2, which are not treated with augmented immuno-
suppression) was lower in the LCsfu group than in the others
(28% for LCsfu vs. 38% for ICsfu and 35% for HCsfu group,
P50.03). There was no significant difference in the percent-
age of grade 0 (no rejection) endomyocardial biopsies among
the three groups of patients.

Time of cardiac rejection episodes. The period of freedom
from rejection was longer in the patient ICsfu group than in
either the LCsfu or HCsfu groups (P,0.05 ICsfu vs. LCsfu or
HCsfu) (Table 4). Every patient in the LCsfu group had expe-
rienced the first episode of rejection by 24 days after trans-
plant as compared with 110 days for the patients with an
intermediate level and 52 days for the patients with a high
level of cyclosporine fU (P,0.05, low vs. intermediate) (Fig.
1). No significant difference was observed between the low
and high group with respect to time of first cardiac rejection
(P50.8). The time to the second episode of cardiac rejection
was shorter for the patients in LCsfu group than the ICsfu or
the HCsfu group (P50.02) (Table 4). Occurrence of the third
episode of cardiac rejection was not significantly different
between the three group of patients; however, it should be
noted that a smaller number of patients (n511) in the high
group experienced a third episode of graft rejection as com-

pared with 14 patients in either low or intermediate groups
(Table 4).

Rate of rejection and intervals between rejection episodes.
The linearized heart rejection rate (rejections per 100 pa-
tient-days) in the first month after transplant was signifi-
cantly higher (P,0.05) in the LCsfu than in the ICsfu group of
patients (Table 5). The linearized rate of rejection was not
significantly different in the subsequent months after trans-
plantation. The time intervals (days) between first and sec-
ond episodes of rejection were calculated as an indicator of
how rapidly rejection episodes occurred. The mean and 95%
confidence interval between the first and second episodes of
rejections was 10.7 (5.6–16.0) days for the low group, 18.0
(8.6–29.0) days for the intermediate group, and 26.0 (15.1–
36.9) days for the high group (P,0.01, low vs. intermediate-
high), indicating that patients with lower level of cyclospor-
ine fU had a shorter interval between their first and second
episodes of rejection than the intermediate and the high
groups (Fig. 2).

Treatment of rejections. Total number of treatment epi-
sodes per patient was higher for the patients with a low level
of cyclosporine fU as compared with the other two groups
(4.061.7 episodes for LCsfu vs. 2.961.1 for ICsfu and 3.261.2
episodes for HCsfu; P,0.05, low vs. intermediate-high) (Table
6). Moreover, the number of patients who required treatment
of recurrent rejection episodes using TLI was greater in the
low group that in the intermediate and high groups (four
patients in the low group, one patient in the intermediate
group, and no patient in the high group required treatment
with TLI; P,0.02, low vs. intermediate-high) (Fig. 3). The

FIGURE 1. Life-table analysis showing the occurrence of first epi-
sodes of cardiac rejection. Low (E), intermediate (f), and high (F)
(first episode of cardiac rejection occurred in significantly later times
(P,0.05) in the group with intermediate level of cyclosporine fU

compared with the other two groups.

TABLE 3. Percentages of a particular endomyocardial biopsy result
with respect to the total number of biopsies performed in the first

3 months after transplanta

EMB grade (percentage)b
Group

Low Intermediate High

Grade 0 31.2615.1 33.4617.6 32.8612.2
Grade 1a, 1b, and 2 27.9611.8c 38.0613.6 35.1615.6
Grade 3a, 3b, and 4 40.9613.8d 28.5612.6 32.1611.4

a Data are expressed as mean6SD; EMB, endomyocardial biopsy;
ISHLT, International Society of Heart and Lung Transplantation.

b Definition of different grades of endomyocardial biopsy determi-
nations according to ISHLT (11); 05no rejection; 1a5focal (perivas-
cular or interstitial) infiltrate without necrosis; 1b5diffuse but
sparse infiltrate without necrosis; 25one focus only with aggressive
infiltration and/or focal myocyte damage; 3a5multifocal aggressive
infiltrates and/or myocyte damage; 3b5diffuse inflammatory process
with necrosis; 45diffuse aggressive polymorphous infiltrate6edema,
6hemorrhage, 6vasculitis, with myocyte necrosis.

c P50.03, low vs. intermediate-high.
d P50.01, low vs. intermediate-high.

TABLE 4. Time of the first, second, and third episodes of cardiac
rejection and the linearized rejection rate

Group

Low Intermediate High P valuesa

First episode (days) 1665 35633 17613 0.053
(n515) (n516) (n515)

Second episode (days) 26610 50639 41621 0.065
(n514) (n514) (n514)

Third episode (days) 84685 1096102 75639 0.77
(n514) (n514) (n511)

a Level of significance among the three groups (one-way analysis
of variance); values in parentheses indicate number of patients in
each group who experienced rejection.

TABLE 5. Linearized rejection rate in the first 3 months
after transplantationa

Group

Low Intermediate High

Month 1 6.561.7b 3.560.8 4.360.9
Month 2 2.160.7 3.160.8 3.360.8
Month 3 2.960.8 1.960.6 2.360.7

a Data are expressed as mean6SD; rejection rate is episodes of
rejection/100 patient-days.

b P,0.05 low vs. intermediate-high group.
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number of episodes of pulse therapy per patient, using intra-
venous methylprednisolone or oral prednisolone, or the num-
ber of patients that require treatment using OKT3 and in-
travenous methylprednisolone was greater in LCsfu, although
the difference among the three groups was not significant
(Table 6, Fig. 3).

Infection. The number of episodes of infection including
bacterial, viral, and fungal infections and the linearized rate
of infection in the first 4 months after transplantation was
not significantly different at any time point among the three
groups.

Biochemical and cytological indices. Concentrations of se-
rum creatinine, urea, bilirubin, total protein, albumin, alka-
line phosphatase, alanine transaminase, g-glutamyl
transpeptidase, and electrolytes were not significantly differ-
ent among the three groups. In addition, hematocrit and
white cell counts were not different. At 6 month after trans-
plant, the absolute number of lymphocytes was significantly
lower (0.9760.523 109/L) in the patients with a low level of
cyclosporine fU than for the intermediate and high groups
(1.2660.463 109/L and 1.75 6 0.833 109/L, respectively)
(P50.02). The lower lymphocyte count in the patients with
low levels of cyclosporine fU may be explained by more fre-
quent episodes of treatment using OKT3 and TLI in this
group of patients.

Total serum cholesterol was significantly higher at 3
(P,0.001) and 6 (P,0.01) months after transplant, and the
concentration of LDL cholesterol was significantly higher at
3 months after transplant in patients having low fraction
unbound than for the other two groups (Fig. 4).

DISCUSSION

The main objective of the present study was to consider the
overall impact of the extent of protein binding of cyclosporine
in plasma with clinical outcomes, in particular rejection. This
study showed that increased protein binding of cyclosporine,
which results in the lower levels of cyclosporine fU, is asso-
ciated with higher frequency in cardiac rejection and an
increase in the requirement for more oppressive immunosup-
pressive treatments including use of TLI or cytolytic therapy.
Patient demographic characteristics that can influence organ
rejection, including proportion of female transplant recipi-
ents and number of HLA mismatches, were not significantly

FIGURE 2. Time interval between the first and second episodes of
cardiac rejection in three groups of patients grouped according to
their cyclosporine fU. Lower and upper levels of the box plot indicate
25th and 75th percentiles, lines in the middle of boxes indicate
median, whiskers indicate lowest and highest values, and open cir-
cles indicate extreme values. The low group was significantly differ-
ent from high (P,0.05).

TABLE 6. Episodes of treatment

Treatment episodes Low Intermediate High

Total episodes of
treatment/patient

4.061.7a 2.961.1 3.261.2

Intravenous
methylprednisolone/patient

1.9360.59b 1.3760.80 1.6660.72

Oral prednisolone/patient 1.4060.98 1.1260.61 1.2060.67
a P50.03 low vs. intermediate-high.
b P50.05 low vs. intermediate-high.

FIGURE 3. Immunosuppressive treatment using OKT3 and TLI to
overcome recurrent or resistance episodes of rejections. OKT3 and
intravenous methylprednisolone treatment, P50.12, low vs. inter-
mediate-high; TLI treatment, P50.03, low vs. intermediate-high.

FIGURE 4. Concentrations of total and LDL cholesterol at various
time points after transplantation for patients in low (F), intermedi-
ate (E), and high (l) groups. P-values represent the level of signif-
icance between the low group and intermediate-high group.
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different among the three groups, excluding the possible
effects of these parameters on rejection outcomes.

In this study, we followed 46 consecutive heart transplant
recipients for a period of 1 year after transplant and mea-
sured plasma fraction unbound of cyclosporine on four occa-
sions. At the completion of the study period, patients were
divided into three arbitrary groups according to tertile hav-
ing low, intermediate, and high levels of cyclosporine fU. It is
important to note that no cutoff value was defined to indicate
the optimum level of cyclosporine fU; therefore, the above
mentioned classification appears credible. Measurement of
cyclosporine fraction unbound requires a complex method not
easily applied in the clinical setting. To our knowledge, the
association between cyclosporine fraction unbound and rejec-
tion has not been characterized previously in heart trans-
plant recipients.

In heart transplantation, failure of the transplanted organ
may result in the loss of the patient. Intensive patient man-
agement is therefore essential to prevent graft rejection.
Total trough concentration of cyclosporine in whole blood is
routinely measured to provide information on bioavailability
and metabolism, effect of concomitant medications, and pa-
tient compliance. Moreover, cyclosporine dosage is usually
adjusted to maintain desired total concentration levels for
the respective time after transplant (10). For a highly pro-
tein-bound drug such as cyclosporine, it is generally accepted
that unbound drug, which is available for membrane trans-
port and active receptor binding, should correlate more
closely with clinical outcomes. On the other hand, an increase
in the extent of plasma protein binding, which results in a
lower fraction unbound, increases the steady-state total con-
centrations required to produce drug response (12). Protein
binding of cyclosporine in plasma is a linear and nonsat-
urable process; therefore, fU is essentially independent of
total concentration and depends only on the concentration of
binding proteins. The unbound concentration, however, is
directly related to fraction unbound in plasma (13); at any
time point during the dosing interval, unbound concentration
in plasma can be calculated by multiplying the total plasma
concentration by fraction unbound. In this study, we did not
have the plasma concentration data or any other pharmaco-
kinetic information such as area under the concentration-
time curve (AUC), which indicates total exposure to cyclo-
sporine. However, if one assumes a constant value for
cyclosporine plasma AUC, the mean unbound AUC values for
a patient in the low group at the first month after transplant
will be approximately 20% lower than the intermediate and
57% lower than the high group.

In this study, we did not observe a significant difference in
the rejection characteristics between the group with interme-
diate levels of cyclosporine fraction unbound and the group
with a high level. This finding may be explained by consid-
ering the sigmoidal association between cyclosporine concen-
tration and its immunosuppressive effects. Using a mitogenic
lymphocyte proliferative assay, it has been shown that the
total concentration of cyclosporine exhibits a sigmoidal rela-
tionship with its inhibitory effects (14). In cardiac transplant
recipients, Best and colleagues (15) demonstrated an inverse
relationship between the relative risk of rejection and cyclo-
sporine concentration and showed that the rejection risk is
linearly associated with total concentration of cyclosporine at

lower concentrations. However, this association reaches a
plateau at the concentrations of 375 ng ml21 and above.

The patients in the group with a low level of cyclosporine fU
had higher total and LDL cholesterol concentrations at the
third and sixth months after transplant. It has been specu-
lated that hypercholesterolemia may reduce the biological
activity of cyclosporine and subsequently produce cyclospor-
ine nonresponsiveness (16–19). In long-term survivors of re-
nal transplantation, hyperlipidemia and pretransplant lipid
abnormalities were found to be important risk factors for
chronic graft rejection (16). In pediatric patients with ne-
phrotic syndrome, nonresponsiveness to cyclosporine also
correlated with hypercholesterolemia. Higher doses of cyclo-
sporine were required to achieve immunosuppressive treat-
ment in this group of patients (17). Dimeny and colleagues
(18) showed that the concentration of serum lipids, including
serum total cholesterol and triglyceride, as well as the cho-
lesterol and triglyceride content of very-low-density lipopro-
tein and LDL fractions, were significantly higher in renal
transplant recipients with greater incidence of acute rejec-
tions and higher serum creatinine as a result of frequent
rejections.

In summary, this preliminary study shows that the un-
bound fraction of cyclosporine in plasma may be important
with respect to allograft rejection. Lower levels of cyclospor-
ine fU are associated with greater incidence of cardiac rejec-
tion episodes requiring treatment. A more detailed clinical
study in de novo heart transplant recipients in the first few
months after transplantation, together with both pharmaco-
kinetic and immunopharmacodynamic characterization, is
warranted to further elucidate the association between cy-
closporine fraction unbound, hypercholesterolemia, and or-
gan rejection.
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SERUM TRANSFORMING GROWTH FACTOR-b1 LEVELS IN BONE
MARROW TRANSPLANT RECIPIENTS CORRELATE WITH BLOOD
CELL COUNTS AND CHRONIC GRAFT-VERSUS-HOST DISEASE1

LINDA M. LIEM,2 WIM E. FIBBE,3 HANS C. VAN HOUWELINGEN,4 AND ELS GOULMY2,5

Departments of Immunohematology and Blood Bank, Hematology, and Medical Statistics,
Leiden University Medical Center, 2300 RC Leiden, The Netherlands

Objective. Profound immunosuppression and exten-
sive fibrotic changes in the skin are characteristic for
graft-versus-host disease (GVHD) after allogeneic
bone marrow transplantation (BMT). Transforming
growth factor (TGF)-b is a potent immunosuppressive
cytokine that plays an important regulatory role in
the immune response. In addition, TGF-b promotes
wound repair but has also been implicated in tissue
fibrosis. These characteristics prompted us to ques-
tion whether serum TGF-b levels would be associated
with GVHD after BMT.

Methods. In this study, total TGF-b1 levels in serum
from HLA-identical BMT recipients before and at sev-
eral time intervals after transplantation were quanti-
fied and correlated with platelet and white blood cell
(WBC) counts and with the presence of acute and
chronic GVHD in a multivariate analysis.

Results. TGF-b1 levels were readily detectable in
healthy controls and in BMT recipients before BMT. In
all patients, a rapid drop in TGF-b1 levels was seen

during the BMT conditioning regimen. After 20–50
days postBMT, TGF-b1 levels started to increase to
normal levels. Platelet and WBC counts were strongly
correlated with TGF-b1 levels (r50.810, P<0.001, and
r50.733, P<0.001, respectively). Multivariate analysis
also revealed that TGF-b1 levels were significantly in-
creased during chronic GVHD and that the increase
during acute GVHD reached levels of significance
(P50.009 and P50.053, respectively).

Conclusions. These results show that total TGF-b1
levels correlate significantly with platelet and WBC
counts and that chronic GVHD is associated with an
increase in serum TGF-b1, independent of platelet or
WBC counts.

Graft-versus-host disease (GVHD*) is an important cause
of morbidity and mortality after allogeneic bone marrow
transplantation (BMT). GVHD occurs in approximately 35%
of recipients of an HLA genotypically identical bone marrow
graft, depending on the age of the recipients and the amount
of T-cell depletion (1). GVHD is mediated by donor T cells
recognizing antigenic differences in the recipient and is pri-
marily aimed at tissue of the skin, gastrointestinal tract, and
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* Abbreviations: aGVHD, acute graft-versus-host disease; APC,
antigen-presenting cells; BMT, bone marrow transplantation;
cGVHD, chronic graft-versus-host disease; GVHD, graft-versus-host
disease; MANOVA, multivariate analysis of variance; TGF, trans-
forming growth factor; WBC, white blood cell.
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