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ORIGINAL ARTICLE

P-glycoprotein expression is not a useful
predictor of acute or chronic kidney graft

rejection

Abstract Because of the role of
P-glycoprotein (P-gp) in multidrug
resistance (MDR), it has been sug-
gested that P-gp might play a role in
acute and chronic rejection after or-
gan transplantation. The purpose of
the present work was to investigate
a possible relationship between
graft outcome and P-gp expression
on peripheral mononuclear cells of
renal transplant recipients. We de-
termined P-gp expression in 27 pa-
tients with long-term, stable graft
function (ST) and in 15 patients with
chronic deterioration of graft func-
tion (CR). In addition, 40 patients
were studied prior to, and at inter-
vals after, transplantation with

21 healthy individuals serving as
controls. P-gp values were highest in

Introduction

healthy controls and in ST patients.
We found no correlation between
P-gp values and acute rejection. CR
patients tended to have lower levels
of P-gp expression. Our results con-
tradict the opinion that an overex-
pression of P-gp induces acute or
chronic rejection by inhibiting the
efficacy of immunosuppressive
treatment.
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Chaudhary et al. [2] and others [3, 4, 10] showed that

Cyclosporin A (CyA), the drug most widely used for the
immunosuppressive treatment of renal transplant recip-
ients, has been shown to be a substrate of P-glycopro-
tein (P-gp) [1, 6, 12]. P-gp is a transmembrane glycopro-
tein that functions as a metabolically active efflux pump
for a variety of substances ranging from ions to peptides
[7]. Overexpression has been implicated in multidrug
resistance (MDR) of cancer cells [11]. More recently, it
was shown that P-gp is found less frequently in healthy
controls and in patients with long-term, stable graft
function than in patients experiencing rejection [8, 9,
13, 14). It was suggested that immunocompetent cells,
particularly T cells, might escape from CyA-mediated
immunosuppression via the acquisition of drug resis-
tance mediated by the expression of P-gp.

all lymphocytes express P-gp. However, for unclear rea-
sons, studies dealing with the phenomenon of MDR in
transplant recipients did not confirm the presence of
MDR-1 mRNA in healthy controls [9, 14]. An addition-
al difficulty with the interpretation of published data is
that several studies were only concerned with P-gp ex-
pression or MDR-1 mRNA on isolated mononuclear
celis and not with expression on defined lymphocyte
subpopulations [8, 9, 13, 14]. We therefore decided to
examine P-gp expression on subpopulations of peripher-
al blood lymphocytes and monocytes of renal transplant
recipients and healthy controls. Furthermore, we evalu-
ated whether patients with an overexpression of P-gp
are prone to develop a higher frequency of acute rejec-
tion episodes. Since it is known that the development of
chronic rejection is significantly associated with the fre-
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Fig.1 P-gp expression (per-
centage of P-gp-positive cells)
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quency and severity of acute rejection, we also attempt-
ed to evaluate whether chronic rejection might be asso-
ciated with a higher frequency of P-gp expressing cells.

Materials and methods

Renal transplant recipients
Patients examined pre- and post-transplantation

Forty patients were tested for P-gp expression prior to transplanta-
tion. Of these, 31 had been on chronic hemodialysis and 9 on con-
tinuous ambulatory peritoneal dialysis. All patients underwent re-
nal transplantation between August 1996 and May 1997 at the De-
partment of Urology, University of Heidelberg, with 33 patients re-
ceiving a first graft and 7 a second graft. Inmunosuppressive treat-
ment consisted of CyA (serum trough levels of 150-250 ng/ml ini-
tially and 100-200 ng/m! after 3 months), methylprednisolone
(MP; 250 mg/day initially, tapered to a maintenance dose of
7.5 mg/day after 45 days), and mycophenolate mofetil (2 g/day).
Prophylactic antithymocyte globulin (Fresenius, Oberursel, Ger-
many) was administered to five patients. Eight patients experi-
enced a total of 12 acute rejection episodes. Acute rejection was di-
agnosed by typical clinical signs, together with an increase in serum
creatinine levels, and by Doppler sonography and renal scintigra-
phy. Graft biopsies were performed in all but one case. In 35 of
the 40 patients, between 5 and 12 samples per patient were tested
for P-gp expression within 3 months after transplantation.

60 -

Patients with stable graft function or chronic deterioration
of function

In addition to the abovementioned patients, we studied 27 patients
with long-term, stable graft function (ST) and 15 patients with
chronic deterioration of graft function (CR). In these patients,
only one sample per patient was tested for the presence of P-gp.
The patients underwent transplantation at least 28 months prior
to testing (range 28-198 months). Seven of the CR patients suf-
fered from histologically proven chronic rejection and eight were
diagnosed as suffering from chronic rejection because of a progres-
sive deterioration in graft function and increasing plasma creati-
nine concentrations. ST and CR patients were not significantly dif-
ferent with respect to age (ST patients 51 + 13 years: CR patients
45 + 16 years; P =0.19), time after transplantation (ST patients
87 + 52 months; CR patients 88 + 48 months; P =0.99), or the
number of HLA-A, -B, -DR mismatches (ST patients 2.2 = 1.3;
CR patients 1.4 + 1.1; P = 0.07). As expected, serum creatinine lev-
els were higher in CR patients (ST patients 1.2 = 0.4 mg/dl; CR pa-
tients 4.1 = 1.6 mg/d}; P < 0.0001). Immunosuppressive treatment
consisted of CyA (serum trough levels: ST patients 163 = 61 ng/
ml; CR patients 168 + 65 ng/ml) and either MP (3.1 = 1.4 mg/day)
in 33 patients (ST n=25; CR n=8) or a combination of MP
(3.8 + 1.6 mg/day) and azathioprine (Aza; 59.4 = 40.0 mg/day) in 9
patients (ST n=2; CR n =7). Patients with chronic rejection did
not receive any special treatment; however, a greater percentage
of CR patients (47 % vs 7% ) were treated with CyA/Aza/MP.

Controls

Twenty-one healthy individuals, not treated with any kind of im-
munosuppressive agent, served as controls.
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Table 1 P-gp expression (per-

centage of P-gp-positive cells) Pqtier}ts without acute Pgtier}ts with acute P value

on mononuclear cells of 40 pa- rejection epl'sodes after rejection ep1'sodes after

tients before renal transplanta- transplantation transplantation

tion in relation to the occur- (n=32) (n=8)

rence of acute rejection epi- P-gp+/CD4+ 18.03+1.78 23.31+5.84 0.61

sodes after transplantation. P-gp+/CD8+ 47.22+3.17 51.82+4.36 0.57

Data are given as mean + SEM  P-gp+/CD16+ 7326 +2.11 74.17 £3.27 0.87
P-gp+/CD19+ 44.52 +3.49 42.35+£9.59 0.85
P-gp+/CD25+ 1928 £1.12 2430+ 4.09 0.30
P-gp+/CD14+ 2428 +4.36 2338+ 11.19 0.66

Sample preparation

Peripheral blood was drawn into heparinized tubes. Five micro-
grams of the first step antibody MRK16 (Kamiya, Thousand
Oaks, Calif., USA) or IgG2a isotype control (Becton Dickinson,
Sunnyvale, Calif., USA) was incubated with 100 ul of whole blood
for 30 min at 4°C. Erythrocytes were lysed by addition of NH,Cl

Fig.2a,b P-gp expression (per- P-gp expression (%)

solution for 10 min and washing with phosphate-buffered saline
(PBS; Gibco, Eggenstein, Germany). Fifty microliters of FITC-
conjugated F(ab’)2 fragment (Medac, Hamburg, Germany) was
added at a 1:40 dilution. Following a 30-min incubation, a second
lysing and washing step was carried out. To block any free reactiv-
ity sites on the secondary antibody, 1 pg of mouse-y-globulin (Dia-
nova, Hamburg, Germany) was added and incubated for 20 min.
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Table 2 P-gp expression (per-

centage of P-gp-positive cells) Imlglefdiatg onset of Delfa);ed onset of P value
on mononuclear cells of 35 pa- gr a_t lrnctlon gra_t Zimctlon
tients before (pre) and within (n=14) (n=21)
5 days after (post) transplanta-  P.gp+/CD4+ pre 19.92 +3.03 18.26 +2.69 0.50
tion in relation to onset of graft post 27.68 +3.37 21.79+3.10 0.08
f”ncglinéEle;a are given as P-gp+/CD8+ pre 54.90 + 4.54 43.86+3.77 0.06
mean = post 64.30 + 4.36 5233 +4.03 0.05
P-gp+/CD16+ pre 74.51 +3.00 71.10 £ 2.60 047
post 82.74 +2.22 82.41+1.63 0.65
P-gp+/CD19+ pre 49.13 + 4.96 43,03+ 5.31 0.39
post 47.57 +5.06 51.57 +4.29 0.48
P-gp+/CD25+ pre 18.91£1.22 22214215 0.28
post 21.62 £2.57 21.70+2.32 0.89
P-gp+/CD14+ pre 23.87+7.05 24,92 +5.59 0.57
post 21.99 £5.85 20.81 + 4.54 0.97

The cells were washed with PBS and labeled with 10 or 20 ul of the
appropriate PE-conjugated, subset-specific monoclonal antibody:
a-CD4 (helper/inducer subset; Ortho, Raritan, N.J., USA), a-
CD8 (cytotoxic/suppressor subset; Ortho), a-CD16 (natural killer
cells; Becton Dickinson), a-CD19 (B-cells; Ortho), a-CD25 (acti-
vated T- and B-cell subsets; Becton Dickinson), a-CD14 (mono-
cytes; Becton Dickinson), or isotype control (IgG1, IgG2a; Becton
Dickinson). After 30 min of incubation, the cells were washed
again with PBS and subjected to flow cytometric measurement us-
ing a FACScan flow cytometer (Becton Dickinson). Using isotype
controls, background staining was assessed to be less than 2%
and subtracted from the specific fluorescence. The range for P-gp
values was 2%-61% for CD4+, 13%-87% for CDS8 +,
24%-94% for CD16+, 1%-91% for CD19+, 5%-56% for
CD25 +, and 0%-93 % for CD14 + cells, respectively.

Statistical analysis

Group comparisons were done using the Wilcoxon rank sum test
and the Kruskal-Wallis test. Statistical analysis of sequential test-
ing was carried out for the total period with the Friedman test,
and for two subsequent dates with the matched-pairs signed rank
test. Results are given as mean + SD if not noted otherwise. In or-
der to reduce the likelihood of reporting spurious associations, P
values that reached significance (P < 0.05) were corrected by mul-
tiplying the uncorrected values by the total number of comparisons

(Po).

Results

Control individuals

The incidence and the pattern of distribution of P-gp-
expressing cells in the 21 healthy controls corresponded
to data reported in the literature [2, 10]. The highest
P-gp levels were found on CD16 + and CDS + cells
(74% and 66%, respectively). CD19 + and CD14 +
cells had intermediate levels (52% and 52 %, respec-
tively), and CD4 + and CD25 + cells had the lowest lev-
els of P-gp expression (25% and 20 %, respectively;

Fig.1). This typical general pattern of P-gp expression
on mononuclear cells was also found in both groups of
transplant recipients (ST and CR patients) and in pa-
tients before transplantation (Fig. 1).

CR and ST patients

CR patients tended to have lower levels of P-gp expres-
sion than healthy controls, except for the CD25 + lym-
phocyte subset (Fig.1). ST patients showed higher levels
of P-gp expression than CR patients; however, the dif-
ference was statistically significant only for CD8 + lym-
phocytes (P, < 0.05, Wilcoxon rank sum test). For sever-
al cell populations, namely, the CD4+, CDS§+,
CD16 +, and CD25 + lymphocyte subsets, P-gp expres-
sion levels in ST patients reached those of healthy con-
trols (Fig.1).

Patients prior to transplantation

Patients examined prior to transplantation exhibited
generally lower levels of P-gp-expressing cells than
healthy controls. The difference was statistically signifi-
cant for CD8 + and CD14 + cells (CD8 +: P_ < 0.005;
CD14 +: P.<0.01 Wilcoxon rank sum test; Fig.1).
Eight of the 40 patients experienced acute rejection epi-
sodes after transplantation. There was no association
between P-gp values determined prior to transplanta-
tion and the occurrence of acute rejections (Table 1).

—
»

Fig.3 P-gp expression (percentage of P-gp-positive cells) on
mononuclear cells of 15 patients after renal transplantation. Data
are shown as mean = SEM
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Follow-up examinations

P-gp expression in 35 of the 40 patients was studied

~again after transplantation. Figure 2 shows the levels of
P-gp-expressing mononuclear cells before and within
5 days after transplantation. Results are shown for pa-
tients without (Fig.2a) and with rejection episodes
(Fig.2b). Patients without rejection episodes had an in-
crease in P-gp values within 5 days after transplantation
for all lymphocyte subpopulations except for mono-
cytes, for which P-gp values decreased. For three cell
populations (CD4 + , CD8 + and CD16 + lymphocytes),
the increase reached statistical significance. Patients
who experienced rejection episodes (Fig.2b) showed
smaller increases for P-gp values on CD4 +, CDS8 +,
CD16 +, and CD19 + lymphocytes, whereas P-gp de-
creased on CD25 + lymphocytes and increased on
monocytes after transplantation. However, these differ-
ences did not reach statistical significance.

There was no difference in P-gp expression between
patients whose graft functioned immediately after trans-
plantation and those whose graft did not (Table 2).

Fifteen patients were investigated for a 3-month peri-
od after transplantation (Fig.3). P-gp expression re-
mained stable on CD4 +and CD25 + lymphocytes,
whereas P-gp on CD8 + , CD16 + , and CD19 + cells be-
gan to decrease slightly after 12 days. The evolution of
P-gp-expressing cells was similar, whether or not pa-
tients experienced acute rejection episodes.

Figure 4 shows P-gp expression on the different cell
types before and after acute rejection. We could not
find a consistent pattern, and the data provide no evi-
dence that an increase in P-gp is followed by an acute re-
jection episode.

Discussion

Previous studies dealing with P-gp or MDR-1 expres-
sion in transplant recipients were based on the assump-
tion that P-gp is not constitutively expressed on all lym-
phocytes. However, Chaudhary et al. [2] and others [3,
4, 10] have shown that P-gp is expressed on all lympho-
cytes and in a variable manner also on monocytes. A
special pattern of distribution was described for lym-
phocyte subsets. Our data obtained form 21 healthy
individuals confirm the values for P-gp expression on
different Iymphocyte subpopulations reported by
these authors. In addition, we found an expression level
of approximately 20% on CD25 + lymphocytes. To our

-

Fig.4 P-gp expression (percentage of P-gp-positive cells) on
mononuclear cells after renal transplantation of 8 patients before
the occurrence of rejection and after 11 episodes of acute rejection

knowledge, there has been no previous report in
which P-gp expression on CD25 + lymphocytes was
shown.

The present report is the first documentation of
P-gp expression on lymphocyte subpopulations and
monocytes in patients before and after kidney trans-
plantation. We found that P-gp expression was highest
in healthy controls and, except for B lymphocytes and
monocytes, in ST patients. CR patients, rather than
showing an increase, showed a tendency towards lower
levels of P-gp-expressing cells. There was no correlation
between P-gp values before transplantation and acute
rejection episodes after transplantation. Furthermore,
we did not observe a significant increase directly before
episodes of acute rejection. These results indicate that
P-gp cannot be used as a predictive marker for acute re-
jection. Furthermore, they contradict the notion that an
overexpression of P-gp induces acute or chronic graft
rejection by inhibiting the efficacy of immunosuppres-
sive treatment with CyA [9, 13, 14].

The lowest levels of P-gp expression were found in
patients prior to transplantation and in CR patients,
suggesting that low values might be associated with ure-
mia. This was corroborated by increased P-gp levels im-
mediately after transplantation, when renal function
usually improves. However, we could not find any dif-
ference in P-gp expression between patients with imme-
diate or with delayed onset of graft function. If uremia
affected P-gp expression, one would expect lower values
for P-gp in patients with delayed onset of graft function
due to acute tubular necrosis.

A reason for the generally increased P-gp expression
observed during the first days after transplantation
could have been the commencement of immunosup-
pressive treatment. There is evidence that one of the
mechanisms by which lymphocytes recover from CyA
is P-gp-dependent [1]. It would, therefore, be intriguing
to speculate that the cells that survive the initial phase
of immunosuppressive treatment might be those that
are able to clear CyA from their cytoplasm. If this were
true, we would expect that during the subsequent peri-
od, the absolute counts of cell populations with a high
P-gp expression should not decrease as much as those
with a low P-gp expression. However, that was not the
case. We found that the absolute cell counts of CD4 + |
CD8 +, CD16 +, and CD25 + lymphocytes decreased
by about the same percentage, whereas those of
CD19 + lymphocytes increased slightly. It is, therefore,
likely that the observed increases in P-gp-expressing
cells are due to a higher expression of P-gp and not to a
higher probability of survival of P-gp-expressing cells.
Based on the currently available data, it is impossible
to say whether high P-gp expression is induced by im-
munosuppressive treatment, as suggested by some au-
thors [5], or whether it is simply a result of cell activa-
tion due to contact with alloantigen.
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An unexpected finding that we cannot explain is that
all patient groups exhibited decreased P-gp expres-
sion on B lymphocytes (CD19+) and monocytes
(CD14 +), as compared with healthy controls. Both B
cells and monocytes present HLA class II antigens on
their surface. Since little is known about the physiologi-

cal role of P-gp, this observation should encourage fur-
ther attempts to explain the significance of this protein.

Acknowledgement This study was supported by a grant from For-
schungsschwerpunkt Transplantation, Heidelberg, Germany.

References
1. Batiuk TD, Pazderka F, Enns J, DeCas- 5. Garcia del Moral R, O’Valle F, Andujar

tro L, Halloran F (1995) Cyclosporine
inhibition of calcineurin activity in hu-
man leukocytes in vivo is rapidly re-
versible. J Clin Invest 96: 12541260

. Chaudhary PM, Mechetner EB, Ronin-
son IB (1992) Expression and activity of
the multidrug resistance P-glycoprotein
in human peripheral blood lympho-
cytes. Blood 80: 2735-2739

. Coon J§, Wang Y, Bines SD, Markham
PN, Chong ASF, Gebel HM (1991)
Multidrug resistance activity in human
lymphocytes. Hum Immunol 32:
134-140

. Drach D, Zhao S, Drach J, Mahadevia
R, Gattringer C, Huber H, Andreeff M
(1992) Subpopulations of normal pe-
ripheral blood and bone marrow cells
express a functional multidrug resistant
phenotype. Blood 80: 2729-2734

M, Aguilar M, Lucena MA, Lopez-
Hidalgo J, Ramirez C, Medina-Cano
MT, Aguilar D, Gomez-Morales M
(1995) Relationship between P-glyco-
protein expression and cyclosporin A in
kidney. Am J Pathol 146: 398-408

. Goldberg H, Ling V, Wong PY, Sko-

recki K (1988) Reduced cyclosporin ac-
cumulation in multidrug resistant cells.
Biochem Biophys Res Commun 152:
552-558

. Gottesman MM, Pastan I (1993) Bio-

chemistry of the multidrug resistance
mediated by the multidrug transporter.
Annu Rev Biochem 62: 385-427

. Gotzl M, Wallner J, Gsur A, Zochbauer

S, Kovarik J, Balcke P, Pirker P (1995)
MDRI1 gene expression in lymphocytes
of patients with renal transplants.
Nephron 69: 277-280

. Kemnitz J, Uysal A, Haverich A, Heu-

blein B, Cohnert TR, Stangel W, Geor-
gii A (1991) Multidrug resistance in
heart transplant patients: a preliminary
communication on a possible mecha-
nism of therapy-resistant rejection. J
Heart Lung Transplant 10: 201-210

10.

o

11,

12.

13.

14.

Klimecki WT, Futscher BW, Grogan
TM, Dalton WS (1994) P-glycoprotein
expression and function in circulating
blood cells from normal volunteers.
Blood 83: 2451-2458

Pinedo HM, Giaccone G (1995) P-gly-
coprotein — a marker of cancer cell be-
havior. N Engl ] Med 333: 1417-1419
Schramm U, Fricker G, Wenger R,
Miller DS (1995) P-glycoprotein-medi-
ated secretion of a fluorescent cy-
closporin analogue by teleost renal
proximal tubules. Am J Physiol 268:
F46-F52

Yousem SA, Sartori D, Sonmez-Alpan
E (1993) Multidrug resistance in lung
allograft recipients: possible correlation
with the development of acute and
chronic rejection. J Heart Lung Trans-
plant 12: 20-26

Zanker B, Barth C, Stachowski J, Bal-
damus CA, Land W (1997) Multidrug
resistance gene MDRI1 expression: a
gene transfection in vitro model and
clinical analysis in cyclosporine-treated
patients rejecting their renal grafts.
Transplant Proc 29: 1507-1508



