
showed minimal effects. But NM-3 in combination with 
carboplatin had greater effects of tumor weight than 
either NM-3 or carboplatin alone. NM-3 alone at the 
dose 10 mg/kg or in combination with carboplatin had 
no obvious effects on body changes. Two mice died 
of diarrhea in each of the two groups treated with 40 
mg/kg NM-3 or with 40 mg/kg NM-3 in combination 
with carboplatin. A significant increase in apoptosis 
was observed in the NM-3 treated groups, and the 
effect was more significant in the groups treated with 
carboplatin in combination with NM-3 at 10 mg/kg, 20 
mg/kg and 40 mg/kg, than in the control group. The 
induction of apoptosis was positively associated with 
the dose of NM-3. NM-3 significantly reduced the neo-
microvascular formation of gastric cancer. The MVD was 
lower in the groups treated with NM-3 or with NM-3 in 
combination with carboplatin than in the group treated 
with carboplatin or in the normal saline group (P < 0.05).

CONCLUSION: The results suggest that the inhibitory 
effect of NM-3 on gastric cancer growth is mediated 
through decreased angiogenesis and the increased 
induction of apoptosis. Furthermore, NM-3 alone at the 
dose of 10 mg/kg or in combination with carboplatin 
has no obvious effects on body changes, indicating that 
NM-3 in combination with carboplatin may be effective 
in the treatment of gastric cancer. The toxicity of NM-3 
needs further studies.

© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the effects of 2-(8-hydroxy-6-
methoxy-1-oxo-1H-2-benzopyran-3-yl) propionic acid 
(NM-3) alone and in combination with carboplatin on 
tumor growth and apoptosis in mouse models of human 
gastric cancer constructed by subcutaneous implantation 
of histologically intact tumor tissue.

METHODS: Human gastric cancer SGC-7901 tissues 
were implanted into the dorsal subcutis of nude mice. 
One week after tumors reached to a volume of 50-100 
mm3 for around 1 wk, these mice were randomly divided 
into 8 groups (n = 10). NM-3 was injected peritoneally at 
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg every other 
day for 5 wk, combined with carboplatin (5 mg/kg) every 
third day for 4 wk. As controls of combined treatment, 
another 4 groups of mice were injected with either NM-3 
at 10 mg/kg, 20 mg/kg or 40 mg/kg, or with carboplatin 
alone (5 mg/kg). The control mice received normal 
saline. Tumor weight, tumor growth inhibition (TGI), and 
intratumoral microvessel density (MVD) were evaluated. 
Apoptosis of human gastric cancer was detected by 
TUNEL method and flow cytometry analysis, respectively.

RESULTS: The mean tumor volume (692.40 ± 58.43 
mm3, 548.30 ± 66.02 mm3, 382.13 ± 43.52 mm3) 
after treatment with carboplatin combined NM-3 at 
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg was 
lower than that after treatment with either NM-3 at 
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg or with 
carboplatin alone. Compared with the normal saline 
group, NM-3 administered at 10 mg/kg, 20 mg/kg or 40 
mg/kg significantly reduced the tumor weight in these 
groups (P < 0.05). Carboplatin used alone at 5 mg/kg 

PO Box 2345, Beijing 100023, China                                                                                                                      World J Gastroenterol  2007 January 28; 13(4): 509-514
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2007 The WJG Press. All rights reserved.



in China[1]. Up to now, the prognosis of  patients with 
gastric cancer is very poor because gastric cancer is usually 
diagnosed at its advanced stage throughout the world. 
Even after curative resection, it remains at a high risk 
of  relapse. Chemotherapy is one of  the most important 
treatment modalities for gastric cancer. However, its effect 
is limited due to its adverse reactions and resistance of  
tumor cells to chemotherapeutic agents[2].

Apoptosis plays an important role in the growth of  
malignant tumor cells. It has been shown that apoptosis 
can be induced in gastric cancer by some chemotherapeutic 
drugs, such as 5-fluorouracil, cisplatin and paclitaxel[3]. 
Recent studies have demonstrated that angiogenesis 
plays a crucial role in tumor growth and metastasis. 
Vascular endothelial growth factor (VEGF) and fibroblast 
growth factor-2 (FGF-2) are the main factors promoting 
angiogenesis[4-6]. It has been shown that radiation-induced 
tumor regression is enhanced by angiogenesis inhibitors. 
Angiostatin or antibody to VEGF in combination with 
chemotherapy produces greater antitumor effects than 
either treatment alone[7,8].

Recently, induction of  apoptosis by antiangiogenic 
therapy has been suggested as a new anticancer strategy[9]. 
2- (8-hydroxy-6-methoxy-1-oxo-1H-2-benzopyran-3-
yl) propionic acid (NM-3), is a synthetic derivative of  
cytogenin. In vitro studies have demonstrated that the 
inhibitory effects of  NM-3 at lower concentrations 
are stronger on the growth of  human umbilical vein 
endothelial cells than on the growth of  normal fibroblasts 
or tumor cells[10]. NM-3 alone inhibits endothelial sprouting 
and tube formation in vitro . It has been shown that 
NM-3 can enhance 5-fluorouracil-induced tumor growth 
inhibition in breast carcinoma xenografts with no effects 
on body changes[11]. In this study, we investigated the 
effects of  NM-3 alone or in combination with carboplatin 
on tumor growth and apoptosis in mouse models of  
human gastric cancer constructed by subcutaneous 
implantation of  histologically intact tumor tissue.

MATERIALS AND METHODS
Materials
Male BALB/c/nu/nu nude mice were obtained from 
Shanghai Experimental Animal Center of  the Chinese 
Academy of  Sciences. Animals used were 6-wk old and 
weighed 20-25 g. Human gastric cancer SGC-7901 was 
obtained from Shanghai Cancer Institute. NM-3 was 
provided by professor Robert (National Cancer Research 
Center of  America) , concentrat ion of  NM-3 was  
20 mg/mL.

Animal experimental method
Anima l mode l s were made us ing subcu taneous 
implantation of  histologically intact tissue of  human 
gastric carcinoma. Tumors were resected aseptically. 
Necrotic tissue was removed and the remaining tumor 
tissues were minced into pieces about 2 mm in diameter 
and implanted into the dorsal subcutis of  mice.

One week after tumors reached a volume of  50-100 
mm3 for around 1 wk, these mice were randomly divided 
into 8 groups (n = 10). NM-3 was injected peritoneally 
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at the dose of  10 mg/kg, 20 mg/kg or 40 mg/kg every 
other day for 5 wk, in combination with carboplatin (5 
mg/kg) every third day for 4 wk. As controls of  combined 
treatment, another four groups of  mice were injected 
NM-3 or carboplatin alone. The control mice received 
normal saline as indicated. The mice were weighed twice 
weekly, and tumor measurements were taken by calipers 
twice weekly. Tumor volume was measured using the 
formula (V = ab2/2), where a is the largest diameter and b 
the smallest diameter. Tumor growth inhibition (TGI) in 
each group was (mean control tumor weight - mean treated 
tumor weight)/mean control tumor weight × 100%.

Sample collection and pathological examination
All animals were sacrificed 7 wk after the implantation. 
Tumors were biopsied, fixed in 10% formalin, and 
processed for routine paraffin embedding. Tumors were 
evaluated histologically under microscope.

Mean microvascular density (MVD of tumor)
Four-micron-thick sections were deparaffined in xylene 
and rehydrated in graded alcohol. Immunostaining was 
performed using a labeled streptavidin biotin method. 
Immunohistochemical staining was carried out to detect 
CD34 expression following the manufacturer’s protocol 
(Santa Cruz Biotech Company). The modified Weidner’s  
method was used for the evaluation of  MVD according 
to CD34 endothelial cell immunostaining. For microvessel 
counting, positive staining for MVD in five most highly 
vascularized areas in each section was counted in 
200 × fields. MVD was expressed as the average of  
the microvessel count in the 5 areas. Any endothelial cell 
or endothelial cluster positive for CD34 (brown-yellow 
staining) was a single countable microvessel. 

Detection of cell apoptosis idex (AI)
Apoptosis of  human gastric cancer was detected by 
terminal deoxynuclotidyl transferase- mediated deoxy-
uridine triphosphate-f luorescene nick end labeling 
(TUNEL) method and f low cy tometr y ana lys i s, 
respectively. TUNEL method was performed as indicated. 
Flow cytometry analysis was conducted as follows. In 
brief, propidium iodide (PI) staining was used for flow 
cytometric detection of  apoptosis, 1 × 106 cells from each 
of  the samples were treated with RNase and stained with 
PI. DNA strand-labeled apoptotic cells were calculated 
with a flow cytometer (FACS Calibur, Becton Dickinson, 
USA.). Data were collected from 1 × 106 cells/sample, 
stored and analyzed using CELLQUES’T and MODFITLT 
for macV 1.01 software.

Statistical analysis
All data were expressed as mean ± SD. Student’s t test was 
used to determine changes in different groups. P < 0.05 
was considered statistically significant.

RESULTS
Inhibitory effect of NM-3 on growth of xenografted human 
gastric cancer in nude mice 
The mean tumor volume (MTV) in the groups treated 
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with 10 mg/kg, 20 mg/kg or 40 mg/kg NM-3 was 989.50 
± 102.17 mm3, 826.20 ± 76.52 mm3, and 709.75 ± 89.30 
mm3, respectively, which was significantly smaller than that 
in the control group receiving normal saline (1609.60 ± 
122.11 mm3, P < 0.05). Carboplatin at the dose of  5 mg/kg 
had no significant inhibitory action on gastric carcinoma 
with MTV being 1532.14 ± 110.12 mm3. However, the 
mean tumor volume in groups treated with carboplatin in 
combination with NM-3 was 692.40 ± 58.43 mm3 , 548.30 
± 66.02 mm3, and 382.13 ± 43.52 mm3, respectively, which 
was lower than that in the groups treated either with NM-3 
or with carboplatin alone. Compared with the normal 
saline group, NM-3 administered at 10 mg/kg, 20 mg/kg or 
40 mg/kg significantly reduced the tumor weight in these 
groups, and the effect was more significant when NM-3 
was given at a dose of  40 mg/kg (P < 0.05). Carboplatin 
used alone at the dose of  5 mg/kg showed minimal effects. 
But NM-3 in combination with carboplatin, however, had 
a more significant effect on tumor weight than NM-3 or 
carboplatin alone (Table 1).The mean tumor volume did 
not differ among groups before treatment (Table 1).

During the experiment, diarrhea occurred in some 
mice when NM-3 was given at the dose of  20 mg/kg or 
40 mg/kg. Two mice died of  diarrhea in each of  the two 
groups treated with 40 mg/kg NM-3 or with 40 mg/kg 
NM-3 in combination with carboplatin. The remaining 
mice recovered at the latter stage of  the experiment. NM-3 
alone at the dose of  10 mg/kg or in combination with 
carboplatin had no obvious effects on body changes.

Effect of NM-3 on cell apoptosis of human gastric cancer 
cells
Apoptos i s of  g as t r i c cancer ce l l s was obser ved 
microscopically. Manifestations of  apoptosis could be 
found more frequently in NM-3-treated groups, such as 
cell shrinkage, nuclear condensation, DNA fragmentation 
and formation of  apoptotic bodies. Apoptosis was 
detected with flow cytometry (Figure 1).

The apoptosis index of  tumors treated with carboplatin 
alone was not significantly different from that of  the 
control group (P > 0.05). However, a significant increase 
in apoptosis was observed in the NM-3-treated groups, 
and the effect was more significant in the groups treated 
with carplatin in combination with NM-3 at 10 mg/kg, 20 
mg/kg and 40 mg/kg than in the control group (Table 2). 
The induction of  apoptosis was positively associated with 
the dose of  NM-3.

Effect of NM-3 on MVD
NM-3 significantly reduced the neo-microvascular 
formation of  gastric cancer implanted into nude mice. 
The MVD was lower in groups treated with NM-3 or with 
NM-3 in combination with carboplatin than in carboplatin 
group or normal saline group (P < 0.05). More significant 
inhibitory effects on MVD of  tumor were observed 
in NM-3-treated groups at the dose of  40 mg/kg or in 
combination with carboplatin than in control group (P < 
0.05, Table 3, Figure 2A-H). 

DISCUSSION
Recent studies have shown that angiogenesis plays a 

Table 1  Inhibitory effect of NM-3 on gastric cancer growth (mean ± SD)

Groups                 n         MTV (mm3)     Body weight (g)  Tumor weight (mg)  TGI (%)

Normal saline                 10          81.24 ± 12.63          25.8 ± 1.04            1754.0 ± 144.2           
NM-3 (10 mg/kg)                 10          79.68 ± 13.72          24.4 ± 0.76            1351.0 ± 116.9         23.0a

NM-3 (20 mg/kg)                 10          81.08 ± 12.90          23.1 ± 0.82            1041.1 ± 143.5         40.6a

NM-3 (40 mg/kg)                   8          81.36 ± 11.20          22.9 ± 1.06              765.5 ± 140.1         56.2a,c

NM-3 (10 mg/kg) + carplatin      10         80.29 ± 14.26          24.2 ± 0.88            1002.0 ± 101.4         42.7a,c

NM-3 (20 mg/kg) + carplatin      10         82.30 ± 14.53          24.4 ± 0.78              919.0 ± 149.8         47.6a,c

NM-3 (40 mg/kg) + carplatin        8         81.97 ± 12.77          22.5 ± 1.13              645.7 ± 135.1         63.2a,c

Carplatin                  10          80.01 ± 13.67          23.0 ± 1.03            1655.0 ± 157.4           5.6

aP < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs NM-3 (10 mg/kg) group.

Figure 1  Propidium iodide (PI) staining for flow cytometric detection of apoptosis 
in control group (A) and NM-3- treated group (B).
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B Table 2  Effect of NM-3 on cell apoptosis of gastric cancer 
(mean ± SD, %)

Groups                n         AI (TUNEL )      AI (FAScan)

Normal saline                   10           2.12 ± 2.19   1.59 ± 0.24
NM-3 (10 mg/kg)                        10           6.02 ± 1.63a   3.84 ± 0.68a

NM-3 (20 mg/kg)                   10         10.43 ± 3.15a,c   8.21 ± 1.01a,c

NM-3 (40 mg/kg)                     8         22.06 ± 5.68a,c 18.26 ± 4.46a,c

NM-3 (10 mg/kg) + carplatin       10           8.66 ± 2.35a,c   6.96 ± 0.65a,c

NM-3 (20 mg/kg) + carplatin       10         12.63 ± 3.75a,c 10.65 ± 1.43a,c

NM-3 (40 mg/kg) + carplatin         8         24.63 ± 3.67a,c 21.66 ± 2.96a,c

Carplatin                    10           2.47 ± 0.31   1.85 ± 0.34

aP < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs 
NM-3 (10 mg/kg) group. 
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critical role in solid tumor growth and its development[8]. 
Antiangiogenic agents inhibit tumor growth by preventing 
proliferation, migration and sprouting of  tumor endothelial 
cells and formation of  new blood vessels. Antiangiogenic 
therapy plays an important role in improving prognosis 
of  patients with gastric carcinoma[12-15]. NM-3, a small 
molecule isocoumarin, is a recently discovered angiogenesis 
inhibitor. It has been shown that NM-3 enhances the 
antitumor effects of  some chemotherapeutic drugs in 
breast and prostate tumor models[11]. The increased 
antitumor effects of  chemotherapy in combination with 
NM-3 can be achieved without any apparent increase in 
toxicity. To date, the effect of  antitumor and induction 
of  cell apoptosis of  NM-3 on human gastric cancer have 
not been reported. It is worthwhile, therefore, to further 
research its antitumor mechanisms underlying gastric 
cancer.

In the present study, NM-3 significantly inhibited 
the growth of  human gastric cancer in mice. Compared 
with the controls, growth of  the tumor implanted 
subcutaneously was remarkably reduced in size and 
weight in the mice treated with NM-3 at the doses of  
10 mg/kg, 20 mg/kg, 40 mg/kg. These doses of  NM-3 
in combination with carboplatin delayed the growth of  
SGC-7901 human gastric cancer in mice, compared with 
NM-3 or carboplatin alone. NM-3 alone at the dose of  
10 mg/kg or in combination with carboplatin had no 
obvious effects on body changes. However, two mice 
died of  diarrhea in each of  the two groups treated with 
40 mg/kg NM-3 or with 40 mg/kg NM-3 in combination 
with carboplatin, suggesting that the toxicity and doses 
of  NM-3 used in patients need further studies. Although 
tumor growth was inhibited by NM-3 in combination with 
carboplatin as compared with normal saline group, tumor 
weight increased. This may be due to the lower dose of  
carboplatin used. In our study, carboplatin at the dose 
of  5 mg/kg showed minimal effects on tumor growth. 
Previous studies have demonstrated that chemotherapy in 
combination with an angiogenesis inhibitor can enhance 
tumor growth inhibition. Reimer et al[11] demonstrated that 
NM-3 can significantly enhance tumor growth inhibition 
in breast and prostate carcinoma xenografts at nontoxic 
doses in combination with 5-fluorouoacil, paclitaxel or 
cyclophosphamide given at subtherapeutic doses. These 
effects were particularly marked when NM-3 was combined 
with cyclophosphamide. Vinblastine in combination with 

VEGF receptor-2 antibody could cause sustained tumor 
regression. Salloum et al[10] studied the antitumor effects 
of  NM-3 in combination with radiotherapy, and found 
that the tumor is significantly regressed after combined 
treatment compared with radiotherapy alone with no 
increase in systemic or local tissue toxicity, suggesting that 
NM-3 in combination with chemotherapy or radiotherapy 
can increase the efficacy of  cancer treatment.

Cell apoptosis is an active death process of  cells, its 
imbalance or changes are related to the occurrence of  
many diseases. Gastric cancer is not only a disease with 
abnormal cell proliferation and differentiation, but also a 
disease with abnormal apoptosis[16,17]. Increased apoptosis 
in human gastric cancer cells could be observed after 
treatment with 5-fluorouracil, cisplatin, etc. The results 
suggest that these drugs can be used in the treatment 
of  patients with gastric cancer by inducing apoptosis of  
cancer cells. The results obtained by TUNEL method 
and cytometry analysis indicate that apoptosis is induced 
by NM-3. Matsuhashi et al[18] investigated the relationship 
between p53 expression and apoptosis induction of  
5-fluorouracil and cisplatin on gastric cancer cells, and 
found that combined administration of  5-fluorouracil and 
cisplatin does not induce apoptosis of  MKN-28 (mutant-
type p53), while apoptotic cells can be observed in the case 

Table 3  Effect of NM-3 on MVD (mean ± SD)

Groups                                 n                     MVD

Normal saline  10 7.30 ± 0.53
NM-3 (10 mg/kg)  10 5.10 ± 0.40a

NM-3 (20 mg/kg)  10 4.72 ± 0.51a

NM-3 (40 mg/kg)    8 2.02 ± 0.50a,c

NM-3 (10 mg/kg) + carplatin 10 4.96 ± 0.37a

NM-3 (20 mg/kg) + carplatin 10 4.80 ± 0.39a

NM-3 (40 mg/kg) + carplatin   8 1.78 ± 0.42a,c

Carplatin   10 6.98 ± 0.45

aP < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs 
NM-3 (10 mg/kg) group.

Figure 2  Immunohistochemical method for detection of microvessel density in 
mice injected with normal saline (A); carboplatin alone (B); 10 mg/kg NM-3 (C); 20 
mg/kg NM-3 (D); 40 mg/kg NM-3 (E); 10 mg/kg NM-3 in combination with 5 mg/kg 
carboplatin (F); 20 mg/kg NM-3 in combination with 5 mg/kg carboplatin (G); 40 
mg/kg NM-3 in combination with 5 mg/kg carboplatin (H); × 200.
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of  MKN-45 (wild-type p53). Browder et al[19] demonstrated 
that TNP-470 at a low dose in combinat ion with 
cyclophosphamide can eradicate drug-resistant Lewis lung 
carcinoma. Agata et al[20] revealed that NM-3 potentiates 
dexamethasone-induced apoptosis of  human multiple 
myeloma cells. Moreover, NM-3 is effective against 
dexamethasone-resistant RPMI8226 and U266 multiple 
myeloma cells. NM-3 enhances dexamethasone-induced 
release of  mitochondrial apoptogenic factors (cytochrome 
c and smac/DIABLO) and dexamethasone-induced 
activation of  intrinsic caspase-9→caspase-3 apoptotic 
pathway. These results suggest that NM-3 inhibits the 
growth of  gastric cancer by enhancing apoptosis of  cancer 
cells.

Angiogenesis has been implicated in the growth and 
metastasis of  gastric cancer. MaCarty et al[21] reported that 
ZD6474, a vascular endothelial growth factor receptor 
(tyrosine kinase inhibitor) inhibits orthotopic growth and 
angiogenesis of  gastric cancer and increases tumor cell 
apoptosis. Stoeltzing et al[22] demonstrated that inhibition 
of  hypoxia-inducible factor 1 activity can inhibit gastric 
cancer growth and angiogenesis. Kamiya et al[23] showed 
that the antitumor effect of  VEGF Ab on gastric cancer 
is exerted by inducing mild hypoxia and apoptosis. Reimer 
et al[11] reported that the antitumor effects of  NM-3 in 
combination with chemotherapeutic agents are mediated 
through decreased proliferation of  endothelial cells. The 
present study indicated that NM-3 significantly inhibited 
angiogenesis in gastric cancer, suggesting that apoptosis 
of  gastric cancer is mediated by NM-3 through decreased 
angiogenesis and that the inhibitory effect of  NM-3 
on gastric cancer growth is related to the induction of  
apoptosis.

In conclusion, NM-3 in combination with carboplatin 
is effective against gastric cancer. The toxicity and 
mechanism of  NM-3 underlying apoptosis of  gastric 
cancer need further studies. 

Background
Gastric carcinoma is one of the most frequent malignancies in China. Angiogenesis 
plays a crucial role in tumor growth and metastasis. Recently, induction of 
apoptosis by antiangiogenic therapy has been suggested as a new anticancer 
strategy.

Research frontiers
2-(8-hydroxy-6-methoxy-1-oxo-1H-2-benzopyran-3-yl) propionic acid (NM-3) is 
a synthetic derivative of cytogenin. In vitro studies have demonstrated that the 
inhibitory effects of NM-3 at lower concentrations are stronger on human umbilical 
vein endothelial cells than on normal fibroblasts or tumor cells. NM-3 alone inhibits 
endothelial sprouting and tube formation in vitro.

Innovations and breakthroughs
There is some experience of NM-3 as an apoptotic and antiangiogenic inducer in 
other types of tumors such as lung and prostatic cancers, but not in gastric cancer 
which is associated with high chemotherapy resistance. Inhibitory effects of NM-3 
on gastric cancer growth are mediated through decreased angiogenesis and 
the increased induction of apoptosis. NM-3 at the dose of 10 mg/kg alone or in 
combination with carboplatin has no obvious effects on body changes. 

Applications 
NM-3 in combination with carboplatin may be effective against gastric cancer.

Peer review
This is a well designed experimental study of apoptosis and effects of NM-3 and 
carboplatin on gastric cancer model (SGC-7901). There is some experience in 
NM-3 as an apoptotic and antiangiogenic inducer in other types of tumors such as 
lung and prostatic cancers, but not in gastric cancer which is associated with high 
chemotherapy resistance. The paper is interesting.
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