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Abstract The objective of this study was to assess the ex-
pression of a multidrug resistance (MDR) phenotype, im-
plicated in the cellular resistance of tumor to chemother-
apy, in rheumatoid synovial membrane. Synovial mem-
brane from 16 rheumatoid (RA) patients was studied. Six
patients with osteoarthritis constituted the control group.
The cell membrane expression of the glycoprotein Pgp 170,
encoded by the MDR 1 gene, was determined by an immu-
noperoxidase technique using two different monoclonal
antibodies (JSB 1, C219). The polymeras chain reaction
(PCR) methods were used in parallel to detect the presence
of the MDR 1 gene mRNA in the synovial cells. Pgp 170
was expressed on the cell membrane of five RA patients
and MDR 1 cellular transcription was detected in one other
RA patient. We did not observe any association between
synovial glycoprotein expression and age, disease activity,
and a specific treatment with a long-acting drug. However,
MDR protein expression was associated with the succes-
sive treatment with more than three disease-modifying
antirheumatic drugs (DMARDs). We conclused that the
synovial membrane expresses a glycoprotein recognized
by the antibodies JSB 1 and C219. The absence of con-
comitant MDR 1 transcription suggests the expression of
an atypical MDR phenotype in the synovial membrane, dis-
tinct from the Pgp 170 encoded by the MDR 1 gene. The
implications of the MDR phenotype and the resistance of
RA to DMARD:s is further discussed.
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Introduction

Several biological mechanisms of chemoresistance have
been described in cancers. Selected cellular cross-resis-
tance to structurally unrelated drugs is a consequence of
MDR 1 gene expression [1]. This gene has been determined
by the study of tumor cell lines selected by their resistance
to the vinca alkaloids and doxorubicin [2]. The chemore-
sistance has been shown to be related to an increased ef-
flux of the drug from the cells [3]. The multidrug-resistant
cell lines have an amplified MDR 1 gene, and overexpress
the encoded P glycoprotein (Pgp 170). This glycoprotein
is an intracellular energy dependent transporter, and has
considerable sequence homology with a number of bacte-
rial transport proteins [3]. Pgp is not only expressed by ma-
lignant cells, but has also been identified in normal tissues
with an excretory function, such as the proximal tubules
of the kidney, the liver biliary ducts, and endothelial cells
of the blood barrier, and lymphocytes [4, 5].

In rheumatoid arthritis (RA), progressive unrespon-
siveness to disease-modifying antirheumatic drugs
(DMARDs) constitutes a major obstacle to the treatment
of the disease. Cell lines of epithelial cells with acquired
resistance to gold have been obtained by incubating the
cells with gold. The resistance has been shown to be re-
lated to the induction of metallothionein, a protein that is
able to bind gold [6]. Methotrexate (MTX) is not consid-
ered as a member of the MDR | family of drugs because
the cell lines expressing Pgp 170 remain sensitive to MTX
[1]. Cell line resistance to MTX has been shown to be
related to an increase in the expression of the drug target,
dihydrofolate reductase, by gene amplification [7]. How-
ever, the CCRF-CEM cells, which have been selected
in vitro for their extreme resistance to MTX, express a
glycoprotein recognized by the monoclonal antibody
{mAb) C219, but Northern blotting has failed to demon-
strate any overexpression of the MDR 1 genes [8]. These
results suggest that the glycoprotein expressed on the
MTX-resistant cells is different from the Pgp 170 encoded
by the MDR 1 gene. Norris et al. have called the MTX
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resistance in CCRF-CEM cells the atypical MDR pheno-
type [8].

To study the acquired resistance of RA to DMARDs,
we investigated the expression of Pgp 170 by immunohis-
tology on synovial tissue obtained from both RA patients
and osteoarthritis patients. We also investigated the pres-
ence of the MDR 1 gene mRNA by polymerase chain re-
action (PCR) in the same patients. Our results showed that
synovial tissue expressed a Pgp recognized by the mAbs
C219 and JSB 1 in 31% of RA patients. However, we de-
tected a transcription of the MDR 1 gene in only one RA
patient. These results suggested that an atypical MDR phe-
notype may be expressed by the synovial cells in RA.

Patients and methods
Patients

Synovial membrane was obtained surgically from 16 patients
(8 males and 8 females) with RA diagnosed according to the ARA
revised criteria [9]. Their mean age was 56 years (range 30-79) and
the mean disease duration was 9 years (range 1-12 years). Eight pa-
tients had active disease at the time of the study defined by the pres-
ence of at least three of the following criteria: ESR above 28 mm in
the firsthour (Westergren method), Ritchieindex [10] above 10, more
than six swollen joints, and morning stiffness for longer than 45 min.
Rheumatoid factor was detected by nephelometry in nine of the pa-
tients. Synovial membrane was also obtained from six patients with
osteoarthritis who constituted the control group. There were three
men and three women in this group with a mean age of 58.6 years.
Informed consent was obtained from all patients.

Immunohistochemistry

Consecutive 4-M sections of the frozen tissues were cut for immu-
nostaining. The primary antibodies were (CD 3 Immunotech, Mar-
seille, France) and two Mabs recognizing two different epitopes of
Pgp 170,JSB 1 (Sanbio, Uden, Netherlands) and C 219 (Centocor Inc,
Malvern, Pa.). An isotope matching Mab IgG 2 a was used as a con-
trol in each experiment. After washing with phosphat-buffered sa-
line (PBS), a peroxidase-stained rabbit anti-mouse antibody was ap-
plied for 60 min.

Cell line and tissues

The drug-sensitive K 562 human erythroleukemia cell line was pur-
chased from American Type Culture Collection, Rocheville, USA
and routinely cultured in RPMI medium with 10% fetal calf serum.
The TK 562/DOX-resistant cell line was a kind gift from Dr. Rob-
ert, Bordeaux, France. Synovial tissue was snap frozen in liquid ni-
trogen within 1 h of surgery and pulverized while frozen before RNA
extraction.

RNA isolation and ¢cDNA synthesis

After removal from —70°C, the tissue was minced in PBS solution
and homogenized in an Ultra-Turrax T25 (IKA-Labortechnik Ger-
many). The total RNA was extracted using the guanidium thiocya-
nate-phenol-chloroform method [11]. The RNA yield was measured
by a spectrophotometer. Reverse transcription of 0.5 g RNA with
25 pmol of random hexadeoxynucleotide (Pharmacia) was per-
formed in a 30-pul solution using 300 U M-MLYV reverse transcrip-
tase, 5 mM DTT, 1X RT buffer (Gibco BRL), 60 U RNAsin (Pro-

153 KD
—_—

wll ]

RA n°5
K 562 DOX-Resistant

Fig. 1 Analysis of the presence of mRNA of MDR 1 gene in the
synovial tissue of rheumatoid arthritis (RA) patients (lanes 4-10).
Lane 1 represents the migration of the marker, lane 2, the migration
of the drug-sensitive human erythroleukemia cell line K562, and
lane 3 the K562 Dox-resistant cell line expressing MDR 1 gene

mega), and 1 mM dNTP (Pharmacia). After 1 h at 42°, the sample
was then heated to 95°C for 5 min to stop the reverse transcrip-
tion.

PCR amplification

To evaluate the quality of the cDNA, we first carried out a PCR am-
plification on the 3-globulin gene using the following primers: prim-
er 1: 5-GCAACCTCAAACAGACACCPCR-3’, nucleotide position
135-153; primer 2: 5~-CTCAAAGAACCTCTGGGTCC-3', nucleo-
tide position 396-415 [12]. One microliter of cDNA obtained previ-
ously was added to a solution containing 100 pmol of each primer,
1 X Taq buffer, 2 mM MgCl,, 2.5 U Taq polymerase (Premega), and
0.25 mM dNTP in a final volume of 100 pl. The optimum conditions
for using a 9600 Paerkin Elmer/Cetus Thermal Cycle were: denatur-
ation at 95 °C for 20 s, annealing at 55 °C for 30 s, and extension at
72°C for 30 s. A total of 35 cycles were performed followed by a fi-
nal extension step at 72 °C for 10 min. The amplification generated
a 151-bp product as expected.

The sense MDR 1 primer 1,5-ATATCAGCAAGCCACATCAT-3’,
corresponds to MDR 1 ¢cDNA 3007-3026. Primer 2, 5-GAAGCA-
CTGGGATGTCCGCT-3’, corresponds to the antisense strand of
MDR1 cDNA sequence 3141-3160 [13]. The reaction was carried
out with 1 pl ¢cDNA in a total volume of 100 pl containing 100 pmol
of each primer, 1 X PCR buffer, 3 mM MgCl,, 2.5 Taq polymerase,
and 0.8 mM dNTP. Each cycle included a 20-s denaturation step at
94 °C, a 30-s annealing step at 58 °C, 30 s of extension at 72 °C, fol-
lowed by a final 7-min elongation at 72 °C. A total of 35 cycles were
performed. Samples were then heated at 95 °C for 10 min. The PCR
product was separated on a 2% agarose (Nusieve, Tebu) gel electro-
phoresis. All the necessary precautions against contamination of the
PCR were rigorously observed.
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Table 1 Expression of mem-

brane Pgp 170 by immunohistol- Patients  Sex Age Active RFE Nb DMARD PCR C219 ISB1
ogy and of MDR 1 gene mRNA (years)  disease DMARD MDR 1
amplification on synovial tissue -

in 1p6 rheumatoid arthritis pa- 1 M 30 yes + 5 steroids - +
tients. The two last columns rep- 2 M 34 yes + 4 MTX - - +
resent the expression of mem- 3 3 39 no + 3 SLZ - - +
brane glycoprotein by immuno- 4 M 64 yes - 3 SLZ - + +
histology with the mAbs C219 5 F 51 no + 3 GOLD  + - -
and JSB 1 (RF+ rheumatoid fac- 6 H 58 no + 3 SLZ - + +
tor >40 UI on nephelometry, 7 M 71 yes + 4 MTX - - -~
Nb DMARD number of previous S F 57 yes - 2 MTX - - -
long-acting drugs used in treat- 9 F 67 no + 2 DP - - -
ment, DMARD disease-modify- 10 F 63 no - 1 SLZ - - -
ing antirheumatic drug, MTX 11 F 76 no - 2 steroids ~ — - -
methotrexate, DP D-penicilla- 12 M 63 yes - 2 MTX - - -
mine, SLZ salazopyrine, Gold 13 M 62 no - 2 GOLD - - -
gold salts, PCR MDR-1 pres- ig‘ 11:4/1 1(9) ;18 + 421 ]s)t;rmds - - -
ence of MDR 1 gene mRNA de 16 P p vos N i - R . .

termined by polymerase chain

reaction)

The specificity of the PCR was attested by the negative results
obtained with the drug-sensitive K562 cell line, where no expres-
sion of the MDR1 gene was found in six independent experiments.
The sensitivity of the PCR was assessed by performing the same pro-
tocol with the cDNA extracted from the K 562/DOX-resistant cell
line constitutionally expressing the MDR 1 gene at different dilutions
(Fig. 1). The PCR was conducted with, respectively, 1 ig cDNA,
0.1 ug cDNA, 0.01ug cDNA, 0.001 ug cDNA, and 0.0001 pg
cDNA. The sensibility of the method was estimated to be the detec-
tion of one MDR 1-positive cell out of 10,000 negative cells.

Statistics

The statistical significance between age, disease duration, the num-
ber of DMARDs used successively to treat the patients and the gly-
coprotein expression was studied by the Fisher exact test.

Results
Immunohistology

A membrane glycoprotein was expressed in the synovial
tissue of 5 of the 16 RA patients (31.25%), whereas only
1 patient with osteoarthritis had a weak expression in the
synovial membrane (P <0.05). Up to 30% of the cells in
the RA samples expressed the glycoprotein on the cell sur-
face. Staining with JSB 1 appeared to be more sensitive,
and two RA patients (nos. 1 and 4) were C219 negative
but JSB 1 positive.

PCR

Using the PCR method, we demonstrated the presence of
mRNA of the MDR 1 gene in the synovial tissue of one of
the RA patients (no. 5), but in none of the control group
(Fig. 1). This patient had no detectable membrane expres-
sion of Pgp 170 by immunohistology.

Clinical associations

As shown in Table 1, the five RA patients with positive
staining for the glycoprotein by JSB 1 or C 219 and patient
no. 5 who had MDR 1 transcription had been treated suc-
cessively with three different DMARDs, and this was sta-
tistically different from the remaining RA patients
(P<0.01). Patient no. 1 developed proteinuria with gold
salts and then with D-penicillamine (DP), without joint im-
provement. He was then treated with Salazopyrin, but this
drug was withdrawn because of thrombopenia. MTX was
then introduced, but an allergic pneumonitis led to the with-
drawal of MTX. This patients with severe RA is currently
being treated with steroids alone. Patient no. 2 did not re-
spond to gold salts or chloroquine. After a transient re-
sponse to DP, he presented with a flare-up of the disease,
and MTX was initiated at 10 mg per week. Patients 3 and
6 were not improved by gold or DP, and responded to Sal-
azopyrin. Patient no. 4 improved with gold salts, but the
treatment was withdrawn because of proteinuria. A clini-
cal response was obtained with Salazopyrin. Patient no. 5
was refractory to DP and hydxychloroquine, but responded
well to gold salts. No associations was found between age,
disease duration, disease activity, or the particular treat-
ment at the time the samples were obtained.

Discussion

The overexpression of the MDR 1 gene was initially de-
scribed in human tumor cell lines resistant to chemother-
apy [1]. This gene encodes a membrane glycoprotein,
Pgp 170 [3]. This protein is a cytosolic transporter that
binds the drug and actively extrudes it out of the cell. Tu-
mors such as carcinoma of the liver, the kidney or the ad-
renal gland are intrinsically resistant cancers and primi-
tively express the MDR 1 gene amplification will be in-
duced by the cytotoxic drug, and a clinical correlation has
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been demonstrated between the unresponsiveness of the
patients to chemotherapy and the presence of mRNA of
the MDR1 gene in the tumor [15]. Expression of the
MDR 1 gene is not limited to tumor, and normal tissues ex-
press Pgp 170 [4]. The liver, the renal tubule, the endothe-
lial cells of the brain barrier, and blood lymphocytes ex-
press the membrane protein Pgp 170 [5]. The physiologic
role of the MDR 1 gene in normal tissues is not known, but
excretion of toxic metabolites has been suggested [16].

We showed that a glycoprotein recognized by the mAbs
C219 and JSB 1 was expressed on the synovial membrane
of RA patients treated with distinct DMARDs and also in
one patient with osteoarthritis. In RA, acquired unrespon-
siveness to DMARDSs remains a critical problem. Epithe-
lial cell lines resistant to gold have been induced after in-
cubation with gold salts. These cells express metallothion-
ein, a protein that binds gold salts [6]. Moreover, an in-
crease in the capacity of glutathion to conjugate gold might
explain the resistance to the treatment. When the drug is
conjugated, a cytosolic transporter actively pumps the gold
conjugate out of the cell. It has been suggested that Pgp 170
might be the glutathion conjugate pump [17]. In multiple
myeloma, response to chemotherapy has been shown to be
regulated both by the MDR gene and by glutathion trans-
ferase genes [18]. More recently, MTX has been shown to
induce the expression of dihydrofolate reductase in vitro,
but the cells expressing the MDR 1 gene remain sensitive
to MTX [7]. The long-acting drugs used in RA, including
MTX, are not known to induce MDR 1 transcription. How-
ever, MTX-resistant cell lines have been shown to express
an atypical MDR phenotype, distinct from Pgp 170 and rec-
ognized by the mAb C219. The CCRF-CEM cells selected
in vitro for their extreme resistance to MTX express a gly-
coprotein recognized by the mAb C 219, but Northern blot-
ting has failed to demonstrate any overexpression of the
MDR 1 genes [8, 19]. These results suggest that the glyco-
protein expressed on the MTX-resistant cells is different
from the Pgp 170 encoded by the MDR 1 gene. Norris et al.
have called the MTX resistance in CCRF-CEM cells the
atypical MDR phenotype [81. In our study, the expression
of glycoprotein in the absence of MDR 1 transcription sug-
gested a similar atypical MDR phenotype in the synovial
membrane, distinct from Pgp 170. A positive expression of
MDR protein was associated with the use of more than
three DMARDs, but not with a specific drug. An increased
number of patients will be required to assess the associa-
tion between DMARD resistance in RA and the expression
of the atypical MDR phenotype in the synovial membrane.
Cyclosporin has been shown to regulate MDR gene expres-
sion [20]. This drug is an efficient treatment of severe RA
resistant to MTX and an association of cyclosporin with
MTX has been proposed [21]. A possible mechanism of
action of cyclosporin in RA resistant to MTX might be the
modulation of the MDR gene.

These results suggested that atypical MDR genes are
actively expressed in rheumatoid synovium. One hypoth-
esis is that the acquired DMARD resistance in RA might
be associated with the MDR phenotype. Further studies are
clearly needed to assess this hypothesis.
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