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Department of Surgery II. Faculty of Medicine. Kyushu niversity. 3-1-1 Maidashi. H i gashi-ku. Fukuoka 812-8:"82. Japan 

Abstract: The expression of P-glycoprotein in 159 non-small 

cell lung cancers was immunohistochemically examined using 

a monoclonal antibod)' (MoAb C219). A total of 93 (60%) 

cancers were found to be positive for P-glycoprotein. The 

5-year survival rates of patients with P-glycoprotein (P-gp+) 

and those without P-glycoprotein (P-gp-) were 47.6% and 

73.6%, respectively (P < 0.05). According to a univariate 

analysis, P-gp+ was associated with a poor prognosis for 

males, those with stage I cancer, those who underwent com­

plete resection, and those with adenocarcinoma or squamous 

cell carcinoma. A multivariate study using the Cox regression 

analysis indicated that the expression of P-glycoprotein is 

useful for predicting the prognosis. Among 24 patients who 

underwent complete resection and postoperative adjuvant 

chemotherapy, 18 were P-gp+ and the remaining 6 were P­

gp-. Of the 18 with P-gp+ cancer, 11 relapsed and 9 died 

from tumor-related causes, while the other 7 remain free from 

tumor recurrence; however, all with P-gp- cancer are alive 

without recurrence. These observations suggest a bias toward 

a shorter survival for patients with P-gp+ cancer because P­

glycoprotein may be associated with chemoresistance. Thus, 

detection of the expression of P-glycoprotein will aid in plan­

ning appropriate adjuvant chemotherapy for patients with 

non-small cell lung cancer. 
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Introduction 

Lung cancer is one of the leading causes of death from 
disease in Japan and its incidence is increasing rapidly.1 
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The length of survival trongly depend on the stage of 

the disease. such as TNM status and the curability of 

surgery.2 However. recurrence. regional and distant. 

frequently develops in patients who have undergone 

complete resection.�.-� Patient with stage I eli ase have 

5-year survival rates between 50% and 70%.25 A more 

favorable prognosis can often be achieved if postopera­

tive adjuvant chemotherapy is prescribed:11 however. 

adjuvant chemotherapy has been found to be of littl 

ben fit for patient with non-small cell lung cancer.�.� 

Tumor cells are often resistant to vmious drugs that 

are functionally and/or structurally different. One or the 

most widely studied types of drug resistance is the 

phenomenon of an overexpressed multidrug resistance 

gene (mrlrl) product. a 170 k Da mcmbranc-sp(lllning 

protein, usually referred to as P-glycoprotcin.'1 A num­

ber of effort have been made to determine the mecha­

nisms associated with mdrl or P-glyeoprotcin, and it 

ha · been revealed that P-glycoprotcin functions as an 

energy-dependent ernux pump to decrease intracellular 

drug accumulation.111 This property has the potential of 

innuencing the outcome of chemotherapy. because a 

significant number of anticancer drugs arc substrates for 

transport by this protcin.11·1' 

To investigate its clinical significance. we immuno­

histochemically examined the expression of P­

glycoprotein in resected non-small cell lung cancers. 

Materials and Methods 

Patients and Materials 

Materials were obtained from 159 patients who under­

went surgery for non-small cell lung cancer in the 

Department of Surgery I L Faculty of Medicine. Kyushu 

University, Fukuoka, between 1974 and 1992. There 

were Il l men and 4g women ranging in age from -+2 to 

75 years with a mean age of 60 years. Data on patients 
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who died within the flr:t po ·topcrative month or who 
underwent exploratory thoracotomy were excluded 
from the analysi in the present . tudy. None of the 
patients had received preoperative chemotherapy and/ 
or radiotherapy. but 24 had been given postoperativ 
adjuvant chemotherapy. 

or the assessment of the TNM classification for lung 
cancer,\ e followed the guideline· of the International 

nion gain. t ancer. There were 77 patients with 
·tage L 9 with stage II, 44 with stage IliA. 18 with stage 
J 11 B. and I 0 with tage IV cancer. H istolog of the 
disea�e ' a� determined according to th WHO classin­
cation.11 There were 92 patients with adenocarcinoma. 
57 with squamous cell carcinoma. and 10 with large cell 
carcinoma. Comrlete re. ection of the tumor by lobec­
tomy or pneumonectomy combined with hilar and 
mediastinal lymrhadenectomy was performed when­
ever feasible. as the standard surgical treatment. 

lmmun r J!J i.\ r ochf!J 11 isr ry 

The primary m moclonal antibody (MoAb C219) was 
obtained from Centcor I iagno tics (Malvern, PA. 
lL A). Mo b C219 is a murine monoclonal antibody. 
subcla�s lg J2a. which binds to a highly conserved 
cytopla. mic epitope or ?-glycoprotein.'� Indirect tain­
ing was clone u ing the labeled avidin-biotin (LAB) 
method.'' 1 mmunohistochemical taining wa con­
ducted by employing the following process. After 4-

�tm-thick section had be n cut and fixed in cold acetone 
for 15 min, th y were incubated with primary mono­
clonal antibody (MoAb C219) at a concentration of 
1 S �Lglml for 2 h. The ctions were then expo cd to a 
biotinylated secondary antibody and avidin with horse­
radish rcroxidase (Nichirei, Tokyo, Japan) for 30min 
an I I 0 min. respectively. After this treatment, visualiza­
tion of the p roxidase was achieved by th diamino­
benzicline method. ach section was stained with 
methyl green and examined under a transmi . ion light 
microscope. 

on immune mouse erum was employed for the con­
trol·. sing MoAb 219, purified P-glycoprotcin conju­
gates, and diluted anti ·erum (I :50), the specificity of 
MoAb 219 was te ·ted by an ab ·orption test. When 
the sections were incubated with purified ?-glycopro­
tein conjugate. then v ith anti-P-glycoprotein erum. the 
staining result wa. negative. 

Counting Procedure 

For each section. we examined ten high-power field 
at random. and in each field we checked the immunore­
activity of 100 tumor cells . The extent of anti-P­
glycopr tein immunoreactivity wa cored a negati c 
when less than 25 % of the tumor cells were stained. ancl 
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a positive when 25 % or more of the tumor cell were 
stained. 

Statistical Analysis 

The BMDP statistical package program (BMOP, Los 
Angeles, CA, USA) for the IBM (Armonk. NY, SA) 
43�1 mainframe computer was u eel for statistical anal_­
ses.'(l The chi-squared test or Fisher's exact test was 
u ed to analyze the statistical ignificance of differences 
between the immunohistoreactivity for P-glycoprotein 
and the factor of ex. TNM stage. curability of the 
operation. histological type, and the degree of differen­
tiation. Fisher's exact test was used when th re were 

ix or fewer item in a group, and urvival rates were 
calculated by the Kaplan-Meier method.17 Comparison 
among survival rates was made using the log-rank testY' 
The BMDP P2L program was u eel for the multivariate 
adjustment of covariates, such as ex, age, Brinkman ·s 
index, TNM tatu , stage, ize of the tumor, histology, 
degree of eli fferentiation, and curability of the opera­
tion, imultaneou ly. by the Cox regression analy is.1'J In 
all analyses, a critical level of significance of 0.05 wa 
cho en. 

Results 

I m m 1 1 no his to c hem is r ry 

lmmunoreactivitie for P-glycoprotein were in the cell 
membrane and cytoplasm of the malignant cells (Fig. 
I A.B). hut the normal alveolar epith lium and stroma 

were not stained. Of the 159 patient. examinee!. there 
were 96 (60%) with a positiv immunoreactivity for ?­
glycoprotein and 63 ( 40%) with a negative immunore­
activity. as shown in Table I. Data a sessed included 
the factors or sex. tumor status (T). node tatus (N), 
metasta is statu (M), stage, histology, and curability of 
the operation, according to the extent of anti-P­
glycorrotein immunoreactivity. There was no tali tical 
significance in the incidence of anti-P-glycoprotein 
immunoreactivity in any of the factors, except for the 
histological type. In large cell carcinomas, the in­
cidence of positive immunoreactivity was le · than 
that in adenocarcinomas or squamous cell carcinomas 
(P < 0.05). 

PrognosLic Srudies 

As ·hown Fig. 2. the 5- ear overall urvival rate of 
patient with glycoprotein (P-gp+) and those without 
glycoprotein ( P-gp-) were 48% and 74%. respectively 
(P < O.O.:S). The 5-ycar survival rates, according to the 
clinicopathological factor , of patients separated by the 
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Fig. 1 A,B. Tmmunohi tochcmistry of auenocarcinoma. shm -
ing diffuse cytoplasmic and membrane . raining. for P­
gl" coprotcin (A, X550). in squamous cell carcinoma (B. 

X550) 

an ti-P-glycoprotein immunoreactivity for the variou · 

factor arc given in Table 2. When factors such as 

male sex. adenocarcinoma, squamous c ll carcinoma. 

and complete resection were assessed, statistically 

significant differences were found in the survival 

rates of P-gp+ patients and P-gp - patients. We also 

evaluated the pattern of immunoreactivity for P-glyco­

protein, but there were no statistically significant differ­

ences in the survival rates of patient. with focally 

positive P-glycoprotein. those with diffusely po ·itivc P­

glycoprotein, and those without P-glycoprotein (data 

not shown). 
Table 3 summarize. the rc ults of the Cox regression 

analysi of the dependence of survival upon the expres­

sion of P-glycoprotein and other covariates. The cxprcs­

. ion of ?-glycoprotein was seen to have rrogno. tic 

. ignificance ,, hen all covariates were included in the 

Cox rcgrecsion analysi�. 

I 1-+� 

Table 1. Rclation�hips among the immunorcactiviLie.:; of 
P-glycoprotein ·111d \'ariou 'linicopathological factor� in 
patients \\'it h non-small cell lung cancer 

'o. of 
patient-

P-glycoprotcin 

ariablcs 

ex 
male 
female 

Tumor 
I 

2 
..., 
_, 

-+ 
odes 
() 
I 

2 

3 
Meta tasis 

0 

l 
Stage 

l 
11 
lilA 
TIIB 
IV 

Histology 
aden;�arcinoma 
squamous cell carcinoma 
large cell carcinoma 

Dcgr�c of differentiation 
well 
moderately 
poorly 

Curability of operation 
complete 
incomrlctc 

Total 

II J 
-+R 

5-+ 

6� 
I� 

21 

9H 

11 

4X 
I 

1-lH 

10 

77 

9 

-+-+ 

18 

]() 

92 

57 

10 

67 

6J 

21-\ 

125 

3-1 
J.')t) 

:n 

JO 

39 

10 

15 

56 
<.) 

29 

I 

-+5 

7 

2-t 

12 

7 

62 

�I 

� 

-+2 

37 

16 

77 
]l) 

96 

+, ·taining of 25"1,, or more than 2:'i'}o ol lli11Hll cell-. 
. Slainin� of ks� than 25"o nf lumor cclb 

•: p <.... 0.05� 

-+7 

16 

2-+ 
25 

X 
6 

-+' 

2 

19 

() 

60 
..., 
.� 

32 

2 

20 

6 

.30 

26 * 

7 

25 

26 
12 

The postoperative courses "lf the 24 patients wh) un­

derwent complete resection and postoperative adjuvant 

chemotherapy arc shown in Fig. 3. These patienb were 

treated with two or three cycles of PAP chemotherapy. 

comprised of peplcomycin 5 mg/m2• adriamycin 

30mg/m�, and cisplatin 50mg/m'. or C P chemo­

therapy. compri. eel of cyclorhosphamide 400 mg/m-. 

vindesin 4 mg/m·'. and cisplatin 50 mg/m '. Five of these 

patients were also treated with 30-4_-- Gy radiotherap). 

mong the 24 patients treated with chemotherapy. I� 

were P-gp+ and the other. were P-gp-. f the I� who 

were P-gp,, 11 developed a recurrence and 9 died from 

tumor-related causes. Conversely, none or the patients 

who were P-gp- developed recurrence and all were 

alive at the time of writing. 
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Discussion 

P-G lycoprotcin is a 170 kDa transmembrane protein 

associated with the chemoresistance of cancer cells, 

which is encoded by the multidrug resistance gene 

(modrl).� This protein is an energy-dependent efflux 

pump capable of decreasing the intracellular concentra­

tion of a broad range of cytotoxic compounds.20·2� We 

obtained immunohistochemical evidence that the ex­

pression of P-glycoprotein was associated with shorter 

Years after operation 

urvival in patients with non-small cell lung cancer 
who underwent complete resection. Furthermore, of a 
total 24 patients who received postoperative adjuvant 

chemotherapy. 11 out of 18 patients with P-gp+ cancer 

had a relapse and 9 di d from tumor-related causes. On 
the other hand, all with P-gp- cancer are alive without 
recurrence. Although the number of patients in this 

Fig. 2. Survival curves of patients with non-small cell lung 
cancer. according to immunoreactivity for P-glycoprotein 

T"blc 2. Survival rates according to various prognostic factors based on the detection 
of P-glycoprotein 

Variables 

Sex 
male 

P-gp+ 
P-gp­

femalc 
P-gp 
P-gp­

Tumor 
I 

2 

3 

4 

P-gp+ 
P-gp-

P-gp+ 
P-gp-

P-gp+ 
P-gp-

P-gp+ 
P-gp­

odes 
0 

2 

P-gp+ 
P-gp-

P-gp+ 
P-gp-

P-gp+ 
P-gp­

Mctastasis 
0 

P-gp+ 
P-gp 

P-gp+ 
P-gp-

No. of 
patients 

64 

47 

32 

16 

30 

24 

39 

25 

10 

8 

15 

6 

56 

42 

9 

2 

29 

19 

K8 

60 

81 

90 

92 

100 

100 

100 

80 

96 

90 

88 

71 

67 

94 

94 

Percent survival (years) 

2 3 4 5 

65 

75 

R7 

93 

95 

95 

70 

85 

51 

so 

61 

50 

77 

89 

48 

69 

6n 

85 

81 

95 

54 

73 

13 

50 

51 

33 

67 

85 

48 

52 

85 

81 

9S 

54 

73 

50 

67 

85 

52 

85 

81 

95 

36 

73 

67 

85 

100 100 67 33 33 

100 100 100 100 100 

67 

89 

88 

93 

71 

100 

62 

62 

75 

81 

71 

67 

34 

48 

61 

74 

0 

67 

34 

61 

74 

() 

53 

7..f 

() 

P Value 

0.0478"' 

0.1394 

0.2600 

0.1308 

0.3720 

0.7641 

0.0737 

0.3642 

0.4095 

0.1 1-t 1 

0.3034 
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Table 2. Continued 

Variables 

Stage 
l 

P-gp+ 
P-gp-

11 
P-gp+ 
P-gp­

IIIA 
P-gp+ 
P-gp­

l liB 
P-gp+ 
P-gp­

IV 
P-gp+ 
P-gp­

Histology 
adenocarcinoma 

P-gp+ 
P-gp-

squamous cell carcinoma 
P-gp+ 
P-gp-

large cell carcinoma 
P-gp+ 
P-gp-

Dcgrce of differentiation 
well 

P-gp+ 
P-gp-

moderately 
P-gp+ 
P-gp-

poorly 
P-gp+ 
P-gp-

Curability of operation 
complete resection 

P-gp+ 
P-gp-

incomplete re ection 
P-gp+ 
P-gp-

Total 
P-gp+ 
P-gp-

No. of 
patients 

45 

32 

7 

2 

24 

20 

12 

6 

7 

3 

62 

30 

31 

26 

3 

7 

42 

25 

37 

26 

12 

6 

77 

48 

19 

15 

96 

63 

Percent survival (years) 

2 3 -+ 5 P Value 

95 88 78 78 78 0.0138* 

100 100 100 100 100 

100 100 100 0 0 0.3137 

100 100 100 100 100 

81 57 28 0.331-t 

90 63 51 51 

72 60 60 60 60 0.5714 

67 50 33 

71 71 0 0 0 0.3034 

LOO 67 

85 

96 

88 

96 

so 
71 

95 

95 

83 

96 

63 
81 

89 

100 

69 

72 

84 

93 

77 

84 

64 

82 

so 
57 

85 

91 

68 

78 

47 

58 

76 

90 

59 

51 

73 

80 

59 

79 

38 

73 

50 

57 

66 

86 

41 

71 

47 
46 

60 

87 

30 

34 

54 

74 

59 

79 

38 

73 

so 
57 

66 

86 

41 

71 

47 
46 

50 

87 

30 

34 

48 

74 

51 0.0469''' 

79 

38 0.047-+* 

73 

50 0.9287 

57 0.0944 

86 

0.0713 

71 

47 0.9458 

50 0.0038* 

87 

30 0.6832 

48 0.0357* 

74 

P-gp+. patient with P-glycoprotcin: P-gp-. patients without P-glycoprotcin 
* tatistically significant 

Table 3. Patient characteristics related to survival according to a multivariate analysis 
using the Cox regression model 

Prognostic factor Regression coefficient Chi-squared P Value 

Size of tumor 
Curability of operation 
P-G lycoprotein 
Sex 

0.0228 

0.7635 

1.3892 

1.6806 

0.4158 

27.947 

16.331 

6.659 

11.823 

5.490 

0.000 

0.000 

0.010 

0.001 

0.019 

1145 
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No. Htst 

1 Ad 
2 Ad 
3 Sq 
4 Sq 
5 Sq 
6 Ad 
7 Ad 
8 Sq 
9 Ad 

10 Ad 
11 Ad 
12 Ad 
13 Sq 
14 Ad 
1 5 Sq 
16 Ad 
17 Ad 
18 Ad 

1 Ad 
2 Sq 
3 Ad 
4 Ad 
5 Sq 
6 Ad 

Stage 

I 
1118 

I 
I I  

IliA 
I 

l i lA 
1118 

I 
li lA 
IliA 

I 
I I I  B 
lilA 
IliA 

I 
I liB 

I I  

I 
I 

IliA 
IliA 
lilA 

II 

500 

500 

1500 2000 

c::=:J disease free 

� with relapse 

t dead 

[P-gp + ] 

1500 2000 

[P-gp-] 

Fig. 3. Clinical courses of patients \.vho underwent complete 
re ection and po topcrati c adju ant chemotherapy, accord­
ing to immunoreactivity for P-glycoprotein 

senes wa limited, these findings sugge ·t that the pre­
scription r postoperativ chemotherapy reflect th 
progno is of patient with P-gp+ non- mall cell lung 
cancer. Therefore, P-glycoprotein may erve as a 
chemotherapeutic indicator. 

Many researcher· have reported that the strongest 
expre · ion of ?-glycoprotein i found in normal tis ues 
of the kidney, adrenal gland, liver, and intestine,2�·�·' 
which indicates that the primary role of ?-glycoprotein 
in normal tissue is to secrete physiological metabolite 
and inge ted chemicals into bile, urine, and th lumen 
of the intestinal tract. P-Glycoprotein is also expre sed 
in lung. colon, breast, and ovarian cancers, and in 
leuk mia.'4·2' 

Sugawara reported that the monoclonal antibody 
(MRK 16) for P-glycoprotcin revealed immuno­
histochemical reactivities in all cases or functional 
hormone-producing adrenal tumors, 1 case of 
in. ulinoma, 2 case of untreated colonic cancer. 1 case 
each of gastric cancer and breast cancer, 6 cases of renal 
cell carcinoma. and 17 ca e of bladder cancer.c' He al o 
reported that the expres ion \as round in one of 10 
cases of lung cancer. Thi · incidence of immunoreactiv­
ity is much lower than that observed in our present 
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tudy: however, the different monoclonal antibodies for 
?-glycoprotein that were used in each tudy would pre­
umably account for the discrepancy. 

Mizoguchi et a!. reported that wcJJ-differentiat d 
colorectal carcinoma contain d significantly higher 
concentrations of mdrl R A than moderately differen­
tiated colorectal carcinoma .24 In our study. ther was 
no igniAcant difference in the immunohi tochemical 
expre ion of P-glycoprot in among well-differentiated. 
moderately differentiated, and poorly differentiated tu­
mor cells. However, in ca ·e of large cell carcinoma, the 
incidence of P-gp+ was 1 ss than that of P-gp-. Large 
cell carcinoma ha many clinicopathological propertic. 
that are quite different from tho e of adenocarcinoma 
or squamous cell carcinoma. Thus, the poor sen itivity 
to chemotherapeutic agent and the poor prognosis 
associated with large cell carcinoma may be attributabl 
to factors other than ?-glycoprotein. 

A direct correlation between P-glycoprotein and drug 
re i tanc has been studied by many researcher . In 

tudies on brea t carcinomas, ?-glycoprotein wa rarely 
found in patients not given prior chemothcrapy.211T In 
other malignancies, such as ovarian carcinoma w.2:-. and 
pediatric tumor .2'n11 ?-glycoprotein was detect d only 
after the patients had ingested anticancer drugs. On 
the other hand, none of our patients had been given 
preoperative chemotherapy, yet they showed a higher 
po itiv rate of immunoreactivity for P-gl coprotein. 
Wishart et al. reported that 26 of 29 patients with 
treated brea t cancer hawed a positive immunoreacti -
ity for the monoclonal antibody C219.:;1 They stated that 
significant levels of ?-glycoprotein expression may be 
pre ent in brea t cancer before exposure to drugs and is 
associated with multidrug re i tance. Our findings up­
port this point of view. 

There are few reports correlating immunohi -
tochemical re ults with the clinical outcome of patients. 
Verrelle et a!. reported that ?-glycoprotein-positive 
staining in 17 patients with breast cancers treated 
with chemotherapy wa ignificantly correlated with 
no initial response to chemotherapy and with a horter 
progres ion-free survival.2·� Chen et al. analyzed the out­
come of 67 patients with neurobla tomas and found that 
the group with negative taining for P-glycopr-otein had 
significantly longer relap e-fre and ov rail survival 
than the group with positive staining.12 Although there 
are many other factors, ?-glycoprotein is one of the 
mo t promising factors affecting the prognosis of pa­
tient: with non- mall cell lung cancer. 

In conclu ion, the Anding of this study on the ?­
glycoprotein expre ion of non- ·mall cell lung cancers 
have important implications for clinical oncology. Thus, 
we believe that examining tumors for ?-glycoprotein 
will aid in planning adjuvant therap for patient with 
non<mall cell lung cancer. 
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