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Multidrug resistance may be mediated by
Abstract
Aimslbackground-Metastatic disease in several mechanisms.' One of the best known is
patients with ocular melanoma is resistant
to chemotherapy. One ofthe main mechanisms of modulating multidrug resistance
is the expression of the multidrug resistance gene 1 (MDR1) product (pglycoprotein) by tumour cells. The
purpose of this study was to evaluate the
frequency of expression ofthe MDR1 gene
in ocular melanoma whose primary treatment was surgical excision or enucleation.
Methods-Twelve recent ocular melanomas were received fresh, snap frozen and
cryostat sections of tumour were analysed
for expression of MDR1 by inmunohistochemistry using a well characterised
monoclonal antibody to MDR1. Tumour
explants were established in short term
tissue culture from four tumours and cell
blocks were examined by immunohistochemistry.
Results-MDRI expression was present in
five of 12 ocular melanomas. Upregulation
of protein expression was found in four
cell lines established in short term culture
from tumour explants. A recurrent tumour, initially treated by local excision
and radioactive plaque, showed overexpression of MDR1 mRNA.
Conclusions-These results suggest that
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by expression of the multidrug resistance gene
(MDR1) which encodes the drug efflux pump
known as p-glycoprotein." The purpose of this
study was to determine (1) if MDR1 is
expressed in primary ocular melanomas, (2) if
expression can be inducible by in vitro culture
methods, and (3) its relation to pathological
variables. The methods used were immunohistochemistry of cryostat tumour sections, with a
monoclonal antibody, and in one case mRNA
expression was studied using reverse transcriptase and the polymerase chain reaction
(RT-PCR).
Materials and methods
Since 1994 all ocular melanomas resected at
the Royal Victoria Eye and Ear Hospital, Dublin, were immediately transported on ice to the
laboratory, where the tumours were examined
in a laminar flow hood. Part of the tumour was
taken for short term tissue culture, and part
was snap frozen in OCT and stored at -80°C
until frozen sections were cut.
PRIMARY CELL CULTURE

Tumour samples were minced and digested for
4 hours in 1 % collagenase. Cells were collected
by centrifugation, grown in Ham's F-10
supplemented with 17% fetal calf serum, 3%
horse serum, 2 mM glutamine, 100 U/ml
penicillin-streptomycin, 2.5 jg/ml amphotericin B, 10 ng/ml epidermal growth factor and
10-' M cholera toxin. The cells were passaged
one in two at confluency. After a maximum of
six subcultures, pelleted cells were embedded
in 2% agar and processed through paraffin for
immunocytochemical analysis.
IMMUNOHISTOCHEMICAL METHODS

Cryostat sections of 5 gm were cut, dried overThe clinical behaviour of uveal melanoma is night at room temperature, fixed in acetone (10
unpredictable.' Some tumours have a relatively minutes at room temperature), and stored at
benign behaviour while others are followed by -80°C until use. Sections were allowed to thaw
early metastatic death.' Even a prolonged for 2 hours at room temperature before immutumour-free interval does not rule out develop- nohistochemical staining. The primary antiment of late metastases.' Once metastatic body used was the monoclonal antibody BRI
disease has developed, survival is measured in MAB MDR1 clone 6/1 C (supplied by E
months. The median survival time after clinical Moran and A Larkin, National Cell and Tissue
detection of metastases is 9 months.3 All Culture Centre/BioResearch Ireland, Dublin
currently used treatments are ineffective in City University, Dublin 9, Ireland). The
prolonging survival,' which is at least partly dilution used was 1 :100 in 1% BSA in
the result of tumour resistance to chemothera- phosphate buffered saline at pH 7.4. The antipeutic agents. The exact mechanism of this body has been shown to be specific for the
resistance is unknown.
MDR1 gene product (E Moran, personal com-
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stained; 1 when 1-10% of cells were positive; 2
when 11-50% were positive; and 3 when
51-100% of cells were positive.
RT-PCR

A single pair of pre- and post-radiation treated
tumour samples was available only in formalin
fixed paraffin embedded tissue blocks. Sections
of 50 pm were cut, total cellular RNA was
extracted, quantified, and cDNA was synthesised by reverse transcription as previously
described.' I0 As soon as the cDNA copy was
generated using mRNA as a template, the
polymerase chain reaction was set up so that all
reactions produced amplification of a control
gene (o actin) and the target gene (MDR1). ,B
actin is constitutively expressed in all cells. The
concentration of control primers was 125 pg/pl
and of target gene was 250 pg/pl. The reactions
were carried out as tollows: an initial denaturFigure 1 Cytoplasmic immunoreactivity for MDRl is seen in a majority of tumour cells
from case 2 (original magnification x 40).
ing step of 94°C for 1.5 minutes. Thirty cycles
of PCR amplification were performed: a denamunication). Incubation with the primary turing step at 94°C for 1.5 minutes, an annealantibody was for 18 hours at 4°C. A standard ing step at 4°C for 1 minute, and an extending
avidin-biotin-peroxidase technique was used9 step at 72°C for 3 minutes. The amplified fragand a Vectastain Elite murine ABC kit (Vector ments were identified by gel electrophoresis
Labs, Burlingame, CA, USA). All incubations and ethidium bromide staining.
were carried out as per kit instructions and 3'3'
diaminobenzidine tetrachloride was used as a Results
chromogen. This gives a brown reaction prod- CLINICAL DETAILS
uct. In order to confirm that the brown immu- Twelve tumours were obtained fresh (cases
noreaction product could not be mistaken for 1-12) for this study. Fresh tissue was not availintracytoplasmic melanin within the tumour able for case 13. The original presentation of
cells, all reactions were repeated using an alka- this patient's tumour was in 1992 when she was
line phosphatase method (APAAP) with an treated by local resection and plaque radioAPAAP kit from Vector laboratories and fast therapy for a 18 mm choroidal tumour with
red salt (Vector red) as the chromogen. All sec- vortex vein invasion. The tumour recurred in a
tions were counterstained using Harris's hae- circumferential pattern in 1995, necessitating
matoxylin, dehydrated, cleared, and mounted. enucleation. Paraffin embedded and formalin
The negative control used was omission of the fixed tumour tissue were available from both
primary antibody. The positive control was a specimens for mRNA estimation using RTbreast cancer sample shown to express MDR1 PCR, instead of immunohistochemistry. Agar
mRNA by reverse transcriptase PCR. The test embedded cell blocks were prepared from sucslides were compared with negative and cessful in vitro cultures of cases 2, 4, 7, and 12
positive control sections and were scored as as detailed in Table 1.
positive when an unequivocal positive reaction
The clinical details of all cases are summaproduct was seen within tumour cells on the rised in Table 1. Eight of the patients were
test slides. There was no staining of any of the female and five were males. Their ages ranged
negative control slides. Semiquantitative evalu- from 50 to 84 years. Two tumours arose in the
ation was performed by counting all cells and conjunctiva, two in the ciliary body, eight in the
all positive cells in 10 microscopic fields (x choroid, and one in the orbit. The tumours
400). The percentage of positive cells was cal- varied
in size from 11 to 24 mm. Of the 10
culated and graded 0 when no tumour cells intraocular tumours, five
had invaded the
sclera, one had extrascleral deposits, and two
Table 1 Clinical details of cases
had invasion of the vortex vein at the time of
enucleation or resection. None of the patients
Case No
Age/sex
Site
Cell type
Size (mm) Scieral invasion MDRI
was suffering from detectable metastases.
(1)
(2)
(3)

50/F
56/M
84/F

Conj
Chor
Chor

(4)
(5)
(6)
(7)
(8)

69/F
70/F

Chor
CB
Chor
Orbit
Chor
Chor
Chor

(9)
(10)
(11)
(12)
(13)*

69/M
63/M
75/M
57/F
51/M
77/F
74/F
53/F

Conj
CB
CB/chor

E
E
M
S
E
M
E
S
S
S
E
M
M

16
11
24
12
17
12
21
17
11
18
10
20
17

NA

Y/w
Y/ES
Y
Y/w
N
NA/mets
N
N
N
NA
Y
Y

3
3
0
0
3
1
3
0
0
0
0
0
NA

NA = not applicable; N = no; *post-radiotherapy, original tumour 1992; CB = ciliary body; Y =
yes; Chor = choroid; ES = extrascleral invasion; Conj = conjunctiva; mets = systemic metastases;
w = vortex vein invasion.

IMMUNOHISTOCHEMICAL RESULTS

Five of 12 tumours showed immunoreactivity
with cytoplasmic diffuse staining of tumour
cells. One tumour was graded 1 and four were
graded 3. Figure 1 illustrates the immunoreactive tumour in case 2. All of the four cultured
tumours demonstrated immunoreactivity,
while two of the four corresponding primary
tumours were positive. Figure 2 illustrates
immunoreactivity in cell blocks derived from a
cultured primary tumour. Four of five tumours
classified as epithelioid cell tumours were
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Figure 2 Expression ofMDRI is illustrated in cultured tumour cells prepared from case
11 (original magnification x 60).

immunoreactive for MDR1. One of two mixed
tumours was immunoreactive and none of the
purely spindle tumours were positive. Tumours
with either vortex vein invasion or metastatic
disease also showed immunoreactivity, but
there was an absence of immunoreactivity in
those three cases in which invasion was
confined to the sclera.
RT-PCR

Evidence for expression of the MDR1 gene
was detected in the post-treatment specimen,
but not in the pretreatment sample. Amplification of a control gene, ,B actin, was found in
both pre- and post-treatment samples (Fig 3).

Discussion
Multidrug resistance is the term used to
describe the process whereby a tumour becomes resistant to a variety of drugs. One of the
main mechanisms of drug resistance is by
overexpression of the MDR1 gene which
encodes a 170 kDa transmembrane glycoprotein known as p-glycoprotein.7 This is a membrane efflux pump protein which keeps
intracellular drug concentrations low by
pumping drugs out of the cell. Other nonMDR1 related mechanisms include ribosomes, microtubules, DNA topoisomerase II,
2

3 4

5

6

3 actin (383 bp)

MDR1 (157 bp)

toma.20 21

In conclusion, MDR1 expression was detected by immunohistochemistry in 41.6% of
ocular melanoma tissue specimens. This mechanism appears to have some importance in
modulating drug resistance in ocular
melanoma. Use of more sensitive techniques
such as RT-PCR would probably identify a
larger number of tumours expressing MDR1.
Further studies with a larger series of cases and
paired pre- and post-treatment biopsies are
necessary to determine whether expression of
MDR1 is of prognostic value and whether
expression is increased following chemotherapy or radiation therapy. This has obvious
clinical relevance in the choice of chemotherapeutic agents for metastatic disease and would
justify inclusion of chemosensitising agents in
the treatment of patients with metastatic
disease.
This work was supported by The Health Research Board,
Ireland, and by the EU Operational Programme for Industry
through Forbairt, Ireland.

Figure 3 Ethidium bromide stained gel showing in lane 2 amplification of , actin (control
gene) only in the pre-radiation tumour. Lanes 3, 4, 5, and 6 demonstrate amplification of
both a actin and MDR1 in four separate aliquots ofpost-radiation tumour.

1 McCartney AC. Pathology of ocular melanomas. Br Med
Bull 1995;51:678-93.

Br J Ophthalmol: first published as 10.1136/bjo.80.11.1009 on 1 November 1996. Downloaded from http://bjo.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

.,

and detoxifying enzymes such as glutathione
transferases.7
Expression of MDR1 has been found in a
minority of primary skin melanomas and
metastatic malignant melanomas by immunohistochemistry." However, 45% of skin
melanomas expressed MDR1 at low levels
when sensitive techniques, such as amplification of messenger RNA by polymerase chain
reaction, were used.'3
In the present study we have found by
immunohistochemistry that approximately
42% of melanomas of ocular origin expressed
the MDR1 gene, indicating that a sizeable
number of these tumours have intrinsic expression. A similar finding of intrinsic MDR1
expression was found in an immunohistochemical study of breast cancers.'4 Intrinsic
expression may potentially be upregulated following chemotherapy. This is of clinical
relevance, because drugs likely to induce
MDR1 should be avoided if possible. The
effects of MDR1 can be blocked by the use of
competitive inhibitors such as the calcium
channel blocker verapamil, calmodulin antagonists, or other inhibitors.7 In the present study,
increased expression of MDR1 was found
following primary in vitro cell culture. The cell
culture medium included the biological modifier cholera toxin, which may have contributed
to upregulation of MDR1.
Although the numbers are small in this
series, there was a trend towards MDR1
expression in tumours which have adverse
prognostic factors: larger size and epithelioid
cell type.'5-'7 Some studies have shown that
extrascleral extension per se is not an independent prognostic factor but is rather a
marker of adverse cell type.'8 These findings
may indicate that MDR1 expression is prognostically important. MDR1 has recently been
shown to be correlated with clinical outcome in
osteosarcoma'9 and to be of prognostic relevance in Ewings' sarcoma and neuroblas-

1012

McNamara, Clynes, Dunne, NicAmhlaoibh, Lee, Barnes, Kennedy
expression in primary and metastatic malignant melanoma.

BrJ Dermatol 1995;132:551-5.

13 Levine EA, Holzmayer TA, Roninson IB, Das Gupta TK.
MDR-1 expression in metastatic malignant melanoma. J
Surg Res 1993;54:621-4.
14 Wishart GC, Plumb JA Going ni, McNicol AM, McArdle
CS, Tsuruo T, et al. P-glycoprotein expression in primary
breast cancer detected by immunocytochemistry with two
monoclonal antibodies. BrJ Cancer 1990;62:758-61.
15 Davidorf FH, Lang JR. The natural history of malignant
melanoma of the choroid: small versus large tumors. Trans
Am Acad Ophthalmol Otolaryngol 1975;79:0P310-20.
16 McLean IW, Foster WD, Zimmerman LE. Prognostic
factors in small malignant melanomas of the choroid and
ciliary body. Arch Ophthalmol 1977;95:48-58.
17 Shammas HF, Blodi FC. Prognostic factors in choroidal and
ciliary body melanomas. Arch Ophthalmol 1977;95:63-9.
18 Kidd MN, Lyness RW, Patterson CC, Johnston PB, Archer
DB. Prognostic factors in malignant melanoma of the
choroid: a retrospective survey of cases occurring in Northern Ireland between 1965 and 1980. Trans Ophthalmol Soc
UK 1986;105:114-21.
19 Baldini N, Scotlandi K, Barbanti-Brodano G, Manara MC,
Maurici D, Bacci G, et al. Expression of P-glycoprotein in
high-grade osteosarcomas in relation to clinical outcome.
NEnglJMed 1995;333:1380-5.
20 Roessner A, Ueda Y, Bockhorn-Dworniczak B, Blasius S,
Peters A, Wuisman P, et al. Prognostic implication of
immunodetection of P glycoprotein in Ewing's sarcoma. Jf
Cancer Res Clin Oncol 1993;119:185-9.
21 Norris MD, Bordow SB, Marshall GM, Haber PS, Cohn
SL, Haber M. Expression of the gene for multidrugresistance-associated protein and outcome in patients with
neuroblastoma. N EngljMed 1996;334:231-8.

Br J Ophthalmol: first published as 10.1136/bjo.80.11.1009 on 1 November 1996. Downloaded from http://bjo.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

2 De Potter P, Shields CL, Shields JA, Cater JR, Tardio DJ.
Impact of enucleation versus plaque radiotherapy in the
management of juxtapapillary choroidal melanoma on
patient survival. BrJ Ophthalmol 1994;78:109-14.
3 Kath R, Hayungs J, Bornfeld N, Sauerwein W, Hoffken K,
Seeber S. Prognosis and treatment of disseminated uveal
melanoma. Cancer 1993;72:2219-23.
4 Rajpal S, Moore R, Karakousis CP. Survival in metastatic
ocular melanoma. Cancer 1983;52:334-6.
5 Bedilian AY, Kantarjian H, Young SE, Bodey GP. Prognosis
in metastatic choroidal melanoma. South Med 1981;74:
574-7.
6 Einhorn LH, Burgess MA, Gottlieb JA. Metastatic patterns
of choroidal melanoma. Cancer 1974;34:1001-4.
7 Weinstein RS, Kuszak JR, Kluskens LF, Coon JS.
P-glycoproteins in pathology: the multidrug resistance gene
family in humans. Hum Pathol 1990;21:34-48.
8 Schinkel AH, Arceci RJ, Smit JJ, Wagenaar E, Baas F, Dolle
M, et al. Binding properties of monoclonal antibodies recognising external epitopes of the human MDR1
P-glycoprotein. IntJ Cancer 1993;55:478-84.
9 Hsu SM, Raine L, Fanger H. Use of avidin biotin peroxidase
complex (ABC) in immunoperoxidase techniques: a
comparison between ABC and unlabeled antibody (PAP)
procedures. Hzstochem Cytochem 1981;29:577-80.
10 O'Driscoll L, Daly C, Saleh M, Clynes M. The use of
reverse transcriptase-polymerase chain reaction (RT-PCR)
to investigate specific gene expression in multidrugresistant cells. Cytotechnology 1993;12:289-314.
11 O'Driscoll L, Kennedy S, McDermott E, Kelehan P, Clynes
M. Multiple drug resistance-related messenger RNA in
archival formalin-fixed paraffin-embedded human breast
tumour tissue. EurJ Cancer 1996;32A: 128-33.
12 Schadendorf D, Herfordt R, Czarnetzki BM. P-glycoprotein

