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Summary. Relationships between in vitro chemosensitiv- 
ity and cell nuclear DNA content were investigated in 
malignant cells from 41 patients exhibiting advanced ga- 
stric carcinoma. The chemosensitivity was evaluated by 
measuring the succinate dehydrogenase (SD) activity in 
drug-exposed cancer cells and the DNA content was mi- 
crospectrophotometrically determined. Following expo- 
sure of malignant tissue to carboquone (CQ) and cisplatin 
(DDP), the mean SD activity in cells displaying a relatively 
regular DNA distribution (type II) was significantly higher 
than that in those exhibiting a widely scattered DNA distri- 
bution (type IV; P <0.01 in CQ, P <0.05 in DDP). A simi- 
lar tendency was recognized in cells that were treated with 
aclacinomycin A (ACR), Adriamycin (ADM), and mito- 
mycin C (MMC). Such a decrease in SD activity in cells 
exhibiting a type IV pattern was remarkable, especially in 
cases undifferentiated adenocarcinoma. Mitotic counting 
analysis revealed a significantly higher value for DNA 
pattern type IV as compared with the :findings for type II 
(P <0.01). These results demonstrate that gastric carcino- 
ma displaying a high malignant potentiality shows a better 
response to antitumor drugs. Adjuvant chemotherapy pre- 
scribed following drug-sensitivity testing should be effec- 
tive against such tumors. 

Introduction 

Cytophotometric DNA analysis provides a reliable indica- 
tion of the prognosis for patients suffering from gastric 
carcinoma [10, 16, 17]. Tumors exhibiting a narrow DNA 
distribution are associated with a low malignant potential, 
whereas those displaying widely scattered DNA dispersion 
are linked to a high level of malignancy. The prognosis for 
lesions showing a high ploidy is poor, even in early-stage 
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cancer. Therefore, effective adjuvant chemotherapy is nec- 
essary for the prolongation of patient survival. 

An analysis of the chemosensitivity of gastric cancer 
tissues to various antitumor drugs has revealed significant 
differences among various tissues [4]. We therefore de- 
cided to determine whether gastric tissues exhibiting a 
high-ploidy DNA pattern would show a good response to 
antitumor drugs. The present study was warranted since 
many data on DNA in relation to prognosis or pathology 
are available, whereas reports of correlations between 
DNA distribution patterns and chemosensitivity are few. 
We examined interrelationships between DNA distribution 
patterns and chemosensitivity in tissue from patients ex- 
hibiting advanced gastric carcinoma. 

Materials and methods 

The present study involved tissues obtained from 41 patients exhibiting 
advanced gastric carcinoma (Table 1) who had been surgically treated at 
the Second Department of Surgery, Faculty of Medicine, Kyushu Uni- 
versity, between 1984 and 1986. Neither irradiation nor chemotherapy 
had been prescribed for these patients. 

The chemosensitivity of the gastric carcinoma tissues was deter- 
mined using the succinate dehydrogenase inhibition (SDI) test [1, 19]. 
Tumor tissues were minced with scissors, passed through a number 32 
stainless stell mesh into McCoy's 5A solution containing antibiotics, and 
then washed three times with this solution. The fragments were suspend- 
ed in minimal essential medium supplemented with L-glutamine 
(292 mg/ml), 10% fetal calf serum, and antibiotics, were plated in 35- 
mm plastic dishes (3 dishes per test group and 4 - 6  per control), and were 
then incubated during exposure to antitumor drugs at 37 ~ C in a humid- 
ified atmosphere containing 5% CO: for 3 days. 

These fragments were then assayed for succinate dehydrogenase 
(SD) activity. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl 2H tetrazolium 
bromide (MTT) [24] was used as a hydrogen acceptor for the SD activity. 
The formazan formed from MTT was extracted with acetone containing 
0.5% trichloroacetic acid and the absorbance of formazan was measured 
at 565 nm. The SD activity was expressed as the optical density (OD) per 
milligram of tissue protein. Tumor fragments displaying an OD value of 
0.5 on day 0 were pIated in separate dishes. The chemosensitivity was 
estimated by the percentage of SD activity in relation to that found in 
control cells, and the sensitivity was considered to be positive when the 
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Fig. 1. SD activity and DNA distribution pattern (n = 41 cases). The 
chemosensitivity was indicated by the percentage of SD activity in drag- 
treated cells as compared with that in control cells. Points represent mean 
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values + standard deviation. II,, lII, and IV represent DNA distribution 
patterns. Significant differences were noted between pattern types II and 
IV following exposure to CQ (P <0.01) and DDP (P <0.05) 

Table 1. Characteristics of patients exhibiting gastric carcinoma 

Characteristic Patients 
(n) 

Sex: 
M 23 (56.1%) 
F 18 (43.9%) 

Age (years): 
Range 2 0 -  84 
Mean 59.8 

Tumor size (cm): 
Range 2-18.8 
Mean 9.6 

Location: 
Fundic 14 (41.2%) 
Intermediate 10 (29.4%) 
Pyloric 10 (29.4%) 

Lymph node metastasis: 
Positive 29 (85.3%) 
Negative 5 (14.7%) 

Based on measurements of the DNA content of  100 cancer cells in 
each lesion, the DNA distribution patterns were classified into 4 types 
[17] according to the degree of dispersion on the DNA histogram as 
follows: 

1. Type I - most of the cells (>90%) exhibited DNA content values 
under 4 c, with or without the scattering of cells being confined to 6 c, and 
there were no cells showing values of over 6 c. 

2. Type 1I - although the proportion of cells exhibiting a value over 
4 c surpassed 10%, those displaying a value over 6 c did not exceed 10%. 

3. Type I11 - the proportion of cells showing a value over 6c sur- 
passed 10% but did not surpass 20%. 

4. Type IV - The cells showed a broadly scattered DNA histogram, 
and the proportion of cells exhibiting a value over 6 c surpassed 20%. 

Histological types were classified either as undifferentiated carcino- 
ma or as differentiated carcinoma according to the criteria proposed by 
Sugano et al. [31]. The mitotic index (MI) was determined as follows. 
The number of tumor cells and the number of mitoses were counted in 10 
high-power fields (HPF) at 400/slide. The MI was calculated as 

Mitoses/10 HPF 
x 1000 (number of mitoses/1000 cells) 

Total number of tumor cells/10 HPF 

Student's t-test was used for statistical evaluations. 

SD activity in the drug-treated cells decreased to <50% of the control 
value [2, 22]. 

The antitumor drugs used included carboquone (CQ, 1 gg/ml), Adri- 
amycin (ADM, 4 gg/ml), mitomycin C (MMC, 10 gg/ml), aclacinomy- 
cin A (ACR, 4 gg/ml), and cisplatin (DDP, 20 gg/ml, which were tested 
at 10 times the peak plasma concentration [16, 19]. The sources of these 
drugs were as follows: CQ, Sankyo Co., Ltd., Tokyo; ACR, Sanraku- 
Ocean Co., Ltd., Tokyo; ADM and MMC, Kyowa Hakko Co., Ltd., 
Tokyo; DDP, Nihon Kayaku Co., Ltd., Tokyo. 

For measurement of the cell nuclear DNA content in the resected 
specimens, 10-~tm-thick paraffin sections were prepared from the portion 
just adjacent to the hematoxylin eosin-stained section and Feulgen stain- 
ing was then done using Naora's method [25]. Cell nuclear DNA content 
was measured by a microspectrophotometer (MPV3, Leitz, FRG) using 
the two-wavelength method [23]. Data processing was done on a per- 
sonal computer (HP-85, Hewlett-Packard Co., Corvallis, Ore.) combined 
with a microspectrophotometer. A mean of 25 stromal lymphocytes was 
used as the control value for the normal di~' rid content (2c) in determi- 
nations of variation in the DNA content c .,,Jcer cells. 

Results 

Tissues from 25 patients exhibited a type II DNA distribu- 
tion pattern, those from 7 cases displayed a type III pattern, 
and those from the remaining 9 cases showed a type IV 
pattern. The relationship between SD activity and DNA 
distribution patterns is summarized in Fig. 1. Following 
treatment with CQ, the mean SD value was 56.3 for cells 
exhibiting type II patterns, which was significantly higher 
than the 35.6 found for those displaying type IV distribu- 
tion (P <0.01). After incubation with DDP, the decrease in 
SD activity was significant in cells showing type IV pat- 
terns as compared with those exhibiting type II distribution 
(P <0.05). A similar tendency was found for the other 
drugs, although the differences were not statistically sig- 
nificant. These cases were further studied from the view- 
point of  histological types. In the differentiated-type cells, 
we found no difference in the SD activities among cells 
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Fig. 2. SD activity and DNA distribution pattern (differentiated type, 17 cases). For definition of symbols, see Fig. 1 
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Fig. 3. SD activity and DNA disl'ibutidn pattern (undifferentiated type, 24 cases). For definition of symbols, see Fig. 1. Significant differences were 
noted between pattern types II and IV following exposure to CQ (P <0.01) and the other four drugs (P <0.05) 

Table 2. DNA distribution patterns and MI 

DNA patterns Cases Mean MI 
(n) 

All cases: 
Type II 25 5 _+3.53 
Type III 7 10.3 • 
Type IV 9 10.48 • 5.29"* 

Differentiated type: 
Type II 9 7.12 • 3.35 
Type IU 4 9.76 • 
Type IV 4 12.12 • 

Undifferentiated type: 
Type II 16 3.81 • 
Type III 3 11.02 • 
Type IV 5 9.17• 

* Statistically significant differences as compared with type II (P <0.01, 
Student's t-test) 

displaying different DNA distribution patterns (Fig. 2). 
However, in the undifferentiated-type cells, there were sta- 
tistically significant differences in the SD activity between 
cells showing types II patterns and those exhibiting 
type IV distribution, with a significance value of P <0.01 
being found for those exposed to CQ and that of P <0.05 
being determined for those exposed to the other four drugs 
(Fig. 3). 

Next, we examined the MI to investigate the cell kinet- 
ics. The average MI value increased in parallel with in- 
creasing degrees of DNA distribution from type II to 
type IV. The mean MI value was 5 in cells exhibiting 
type II patterns, 10.3 in those displaying type Ill distribu- 
tion, and 10.48 in those showing type IV patterns. Statisti- 
cally significant differences were observed in the findings 
for distribution types III vs II and types IV vs II (P <0.01). 
Table 2 summarizes these results. In the differentiated- 
type cells, there were no significant differences among 
individual DNA patterns, whereas the undifferentiated- 
type cells revealed remarkable differences in mean MI 
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Table 3. Chemosensitivity and MI 

Chemosensitivity MI 

CQ DDP ACR ADM MMC 

Positive 8.7 +5.44* 7.97 +5.55 9.19 +5.56* 7.51 _+5.32 7.96_+5.71 
Negative 4.86_+2.82* 6.11 _+4.10 4.92_+2.8* 5.86_+3.55 6.5 _+4.23 

* Statistically significant differences in MI between positive and negative chemosensitivity (P <0.01, Student's t-test) 
CQ, Carboquone; DDP, cisplatin; ACR, aclacinomycin A; ADM, Adriamycin; MMC, mitomycin C 

values. The mean MI value for pattern type II was 3.81, 
which was significantly lower than those found for distri- 
bution types III and IV (P <0.01). 

The relationship between the SD activity and the MI is 
summarized in Table 3. The MI was higher in chemosensi- 
tivity-positive tissues than in chemosensitivity-negative 
tissues following exposure to ACR and CQ (P <0.01). 
A similar tendency was observed following exposure to 
the other three drugs. 

Discussion 

Although radical surgery such as extended resection or 
prophylactic lymph node dissection has led to a consider- 
able improvement in the resectability of gastric carcinoma, 
there are limitations in the case of advanced disease [3, 7, 
13, 18, 29]. For such patients, the 5-year survival ranges 
from 23% to 40% [3, 5, 9, 13, 28]. According to studies on 
the prognosis of gastric cancer patients according to DNA 
analysis, individuals exhibiting hyperploid tumors (high 
ploidy) showed significant rates of recurrence as compared 
with those displaying near diploid tumors (low ploidy) [10, 
16, 17]. Therefore, intensive adjuvant chemotherapy must 
be designed for patients presenting with advanced carcino- 
ma, especially those exhibiting highly malignant disease 
characterized by widely scattered DNA values. 

In Japan, various antitumor drugs have been prescribed 
for postoperative adjuvant chemotherapy. Chemosensitiv- 
ity tests can serve as an indicator of the efficacy of anti- 
tumor drugs for the prolongation of survival [6, 8, 11, 26, 
32]. There is general agreement that SD is an adenosine 
triphosphate (ATP)-producing key enzyme of the citric 
cycle and that the activity of this enzyme correlates well 
with cell viability [14, 15] as determined by the ATP assay 
[2, 21] and the dye exclusion method [21]. In esophageal 
carcinoma, SD activity correlates well with the clinical 
effectiveness of hyperthermochemoradiotherapy [27]. The 
SDI test is a simple, economical, and rapid technique for 
screening of antitumor drugs [20]. In the current series, we 
used this method to evaluate drug sensitivity- and noted a 
correlation between the DNA profile and the SD activity in 
cases of advanced gastric carcinoma. 

There was a marked decrease in SD activity in the 
type IV tumors, especially in those consisting of undiffer- 
entiated tissues. These findings are compatible with the 
results of Maehara et al. [20], who found that undifferen- 
tiated tissues of gastric cancer were more sensitive to anti- 
tumor drugs than were well-differentiated tissues. Sub- 
sequent analysis of the MI, an approach that has long been 

used by pathologists as an indicator of proliferative activity 
[30], revealed that the highly malignant type of carcinoma 
exhibiting widely scattered DNA values was characterized 
by high mitotic activity as compared with findings in tis- 
sues displaying a narrow distribution of DNA. Kim and 
Kim [ 12] reported that tumors containing a high proportion 
of S-phase fraction showed a better response to antitumor 
drugs. Considering these observations, the high drug sen- 
sitivity of type IV tumors may be due to enhanced DNA 
synthesis and replication as reflected by their mitotic 
activity. 

A carcinoma exhibiting a high ploidy shows a strong 
malignant potential for lymph node metastasis, hemato- 
genous metastasis, and invasion into surrounding tissues 
and hence, a low incidence of resectability [10, 16, 17]. As 
gastric tissues displaying widely scattered DNA values 
were more responsive to the drugs, in vivo clinical trials of 
specific adjuvant chemotherapy based on drug sensitivity 
should be considered. 
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