
[CANCER RESEARCH57. 221-224, January 15. 19971

Advances in Brief

Spontaneous Apoptosis Is Inversely Related to Intratumoral Microvessel Density in

Gastric Carcinoma1

Caide Lu and Nobuhiko Tanigawa2

SecondDepartment of Surgery. Fukui Medical School,Matsuoka-Cho, Yoshida-Gun,Fukui 910-I 1. Japan

nick end labeling techniques, such as TdT3-mediated dUTP-biotin
nick end labeling and ApopTag kit (3, 5, 10â€”12).To determine the
incidence of spontaneousapoptosis and how it correlateswith intra
tumoral microvessel density in gastric carcinoma, we measured the A!
using the ApopTag kit (Oncor) and the IMVD using an anti-CD34
monoclonal antibody. In addition, immunohistochemical staining for
the Ki-67 antigen and the expression of p53 was conducted simulta

neously to evaluate the relationship between apoptosis and prolifera
tion, as well as p53 mutation in gastric carcinoma.

Materials and Methods

Tissue Samples. A total of 101 cases of gastric adenocarcinoma was
involved in this study. The patients with gastric carcinoma, who had undergone

curative gastrectomy at this institution from 1983to 1993,had received neither
chemotherapy nor radiation therapy before surgery. Routinely processed for

malin-fixed, paraffin-embedded tissue blocks containing the principal infiltrat
ing tumoral mass were selected. Serial sections, 4 pm thick, were cut from

paraffin blocks and mounted on silanized slides that were dried overnight in a
45Â°Coven and were prepared for the following staining procedures.

Histochemical Detection of Apoptotic Cells and Bodies. Apoptotic cells
and bodies were visualized using the ApopTag in situ detection kit (Oncor,

Gaithersburg, MD). The staining procedures were modified based on the
manufacturer's instructions. Briefly, after routine deparaffinizaton and rehy

dration and washing in PBS (50 mMsodium phosphate, pH 7.4, 200 mr@iNaC1),
tissues were digested with proteinase K (20 @xg/mlin PBS; Wako, Osaka,
Japan) for 20 mm at room temperature and washed. Slides were then put into
3% H20, for 5 mm and washed with PBS. After adding the equilibration buffer

for 10 mm, TdT enzyme was pipetted onto the sections, which were then
incubated at 37Â°Cfor 1 h. The reaction was stopped by putting sections in

stop/wash buffer. After washing, anti-digoxigenin-peroxidasewas added to the
slides. Slides were washed, stained with diaminobenzine (DAKO A/S.

Glostrup, Denmark) substrate, and counterstained with methyl green. A posi
tive control slide was prepared by nicking DNA with DNase I (0.7 ,xg/ml;

Stratagene Co., La Jolla, CA) for the first staining procedure. A specimen

known to be positive for apoptotic cells was used as positive control for
subsequent staining. Substitution of TdT with distilled water was used as a
negative control.

Determination of A!. The A! was expressed as the ratio of positively

staining tumor cells and bodies to all tumor cells, given as a percentage for

each case. At least five representative areaswithout necrosis in a section were
selected by light microscopy using 40â€”200-foldmagnification. A minimum of
3000 cells was counted under a 400-fold magnification. Positively staining
tumor cells with the morphological characteristics of apoptosis were identified
using standard criteria, including chromatin condensation, nucleolar disinte

gration, and formation of crescentic caps of condensed chromatin at the nuclear
periphery (2, 11). Single, relatively large (4 xm diameter) and roundish
nuclear residues existing in extra- or intratumoral cells with intensive staining
were identified as apoptotic bodies. Positively staining cells or bodies located
in the stroma and lumen were excluded because these apoptotic cells or bodies

may have originated from other cell types.

3 The abbreviations used are: TdT, terminal deoxynucleotidyltransferase; A!, apoptotic
index; IMVD, intratumoral microvessel density; HA!, high apoptotic index; LA!, low
apoptotic index; LI, labeling index.

Abstract

Increasing evidence from experimental studies indicates that apoptosis
may be related to angiogenesis in tumor progression. To explore how
spontaneousapoptosiscorrelates with tumor angiogenesis,we measured
the apoptotic index (A!) using the ApopTag kit (Oncor) and intratumoral
microvesseldensityusingan anti-CD34 monoclonalantibody in 101cases
of gastric carcinoma. Immunohistochemical staining for Ki-67 labeling
indexandtheexpressionofp53 wereconductedsimultaneously.Statistical
analysis revealed an inverse correlation betweenAla and intratumoral
microvesseldensities(r â€”0.4066,P < 0.0001)and failed to find signif
icant correlations between A! and 1(1-67labeling index, as well as the
expression of p53. The results ofthis study demonstrated for the first time
that the incidence of apoptosis in gastric carcinoma is significantly influ
enced by the extent of neovascularizafion and suggests that tumor angio
genesis may contribute to a reduction of apoptosis in tumor cells.

Introduction

Apoptosis is a genetically encoded program of cell death that serves
as a central regulation for the development and homeostasis of mul
ticellular organisms (1). Despite the rapid pace of research in apop
tosis, little is known about the incidence, regulation, and role of
apoptosis in human tumorigenesis and tumor progression. Part of the
problem is that the majority of attention has been focused on the
potential role of cell proliferation in so-called proliferative disorders.
The novel concept that alterations in the control of programmed cell
death are just as important as those of proliferation in the pathogenesis
of cancer is now widely accepted (1, 2). Recent evidence revealed that
cells from a wide variety of human malignancies have a reduced
ability to undergo apoptosis in response to at least some physiological
stimuli (3, 4), which may contribute to tumorigenesis, growth, and
metastasis (2â€”5).

Tumor angiogenesis is essential for tumor development. Prevascu
lar tumors may remain dormant in situ (2â€”3mm in diameter) for
months to years, then the â€œswitchingâ€•of a subgroup of prevascular
tumor cells to an angiogenic phenotype enables rapid growth, pro
gression, and metastasis (6, 7). Angiogenesis inhibitors can induce
and sustain dormancy of experimental primary tumors and microme
tastases by elevating the incidence of apoptosis in tumor cells, al
though the proliferation rate remains unchanged (8â€”10).Therefore, a
correlation between tumor angiogenesis and apoptosis might be cx
pected in human solid tumors, although it has not yet been evaluated.
The fragmentation of DNA into nucleosomal fragments during apop
tosis enables in situ detection of apoptotic cells and bodies by DNA
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Immunohistochemical Staining for CD34 Antigen and Determination of
IMVD. The methodfor immunohistochemicalstainingof CD34 antigenby
the avidin-biotin-peroxidase complex technique and for microvessel quantita
tion has been described previously (13). Briefly, slides were immunostained
with anti-CD34 monoclonal antibody (QB-END/lO; Novocastra Laboratory,
Newcastle,UnitedKingdom)ata 1:25dilution andincubatedovernightat4Â°C
and washed. Biotinylated goat antimouse immunoglobulin (diluted 1:150;
DAKO A/S) was addedto the slides for 30 mm at roomtemperature.Perox
idase-conjugated streptavidin (diluted 1:300; DAKO A/S) was applied after
washing. Finally, diaminobenzine was used for color development. Sections
were counterstained with hematoxylin. For this and subsequent immunohisto
chemical staining, positive controls were obtained by selecting cases known to

be positive for the antigen being studied, and negative controls were generated
by substituting the primary antibody with distilled water. Tumors were fre
quently heterogeneous in their microvessel density. For determination of
IMVD, the five most vascular areas within a section were chosen and counted
under light microscopy with a 200-fold magnification asdescribed by Weidner
et a!. ( 14). The average counts were recorded as IMVD for each case.

Immunohistochemical Staining for Ki-67 Antigen and p53. Deparaf
finized sections were immunostained using the same technique as for CD34
antigen staining. Monoclonal mouse antibody against Ki-67 (MIB-l, diluted
1:80; IMMUNOTECH, Marseille, France) and monoclonal mouse antihuman
p53 antibody (DO-7, diluted I :100; DAKO A/S) were used as primary anti
bodies. Before labeling with primary antibody, sections were immersed in a
coplin jar filled with l0@ M sodium citrate buffer (pH 6.0) and microwaved
three times at 500 W for 5 mm, cooled, and washed in PBS. Primary antibodies
were added to the slides after blocking for 5 mm and incubated overnight at
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Fig. I . Morphological characteristics. incidence of apoptosis, and extent of IMVD in representative sections. A and B: long arrows, apoptotic cells; short arrows, apoptotic bodies.
â€˜dD: arrows,microvessels.Themajorityof apoptoticcellsandbodiesin A andmicrovesselsin D arenotmarkedwith arrows.A. variousstagesof apoptosisfrom @â€˜normal-bookingâ€•

r cells to apoptotic bodies with an Al of 5.80% (X400). B, LAI (0.62%, X400). C. IMVD is shown for the area used for counting the Al; IMVD is 43 in this section (X200).
.ne corresponding area shows high IMVD (350, X 200). Bar, 50 @sm.

4Â°C.The remaining steps were the same as those used for the anti-CD34
protocol.

Determination of Ki-67 LI and the Expression of p53. The Ki-67 LI and
the expression of p53 were determined in those tumor areas showing the
highest density of cells with positively staining nuclei, regardless of the areas
used for IMVD counting, and calculated under a 400-fold magnification. At

least five areaswere selected, and a minimum of 3000 cells was counted. Ki-67
LI was expressed as the ratio of positive cells to all tumor cells as a percentage.
The p53-positive cells were calculated, expressed as a percentage, and as
signed to one of four subgroups: â€”,<5%; 1+, 5â€”25%;2+, 25â€”50%;and 3+,

>50%.

Statistical Analysis. Correlations between Al and IMVD, as well as be
tween Al and Ki-67 LI, were analyzed using the Spearman rank correlation
coefficient. Both@ and Welch's I tests were used to determine the statistical
correlations among Al, IMVD, Ki-67 LI, and p53 expression. For all statistical
analyses, the SAS system for personal computers (SAS Institute, Inc., Cory,
NC) was used, with significance having been defined as P < 0.05.

Results

Al and Morphological Characteristics of Apoptosis. The posi
tive staining for apoptosis was observed in 97% (98 of 101) of slides
with AIs from 0 to 5.80%. The mean A! was 1.00% (SD 0.99%) with
a median of 0.69%. More than 90% of positively staining cells and
bodies corresponded morphologically to the standard criteria as men
tioned above. Various stages of apoptosis could be found in the same
area, and intensive staining was observed, even in some â€œnormal
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Table1 Thedistributionof JMVD and Ki 67 U between HA! andÂ£4/groupsHAr

(n 43)LAIb (n58)PIMVDC

124Â±91
Ki-67 LI (%)d 40.4 Â±12.2192

Â±78
37.8 Â±15.4<0.001 NSe

APOPTOSIS AND ANGIOGENESIS IN GASTRIC CARCINOMA

lookingâ€•tumor cells. Nonspecific staining in necrotic foci showed a
faint and diffuse staining and could be distinguished from apoptotic
nuclei by simple morphological examination (11). Apoptotic bodies
were stained more strongly than apoptotic cells and could be identi
fled by their distinct, 4-,.@mdiameter (Fig. 1, A and B).

I@MVD,I(.i-67 LI, and Expression of p53. IMVDs were obtained
from all slides in a range from 15 to 440 with a median value of 155
(163 Â±89)(Fig. 1, C and D). For the following analyses, the median
value was used as the cutoff point for discrimination of 101 tumors

into two subgroups: hypovascular (IMVD < 155, n = 49) and
hypervascular (IMVD 155, n = 52; Ref. 13). The mean Ki-67 LI
was 38.8% (median 36.9%, SD 14.0%) and ranged from 13.5 to
81.1%. Positive staining for p53 was found in 45 of 101 cases
(44.6%), and the numbers for each subgroup are: â€”,56; 1+, 13; 2+,
22; and 3+, 10.

Correlation between Al and LMVD, 1(1-67 LI, and p53 Expres
slon. Regression analysis with the Spearman rank correlation

coefficient, on plots of A! versus the IMVD on a per case basis,
shows a significant inverse correlation between Ms and IMVDs
(r â€”0.4066,P < 0.0001; Fig. 2A). There was no significant
correlation between Ms and Ki-67 LIs when applying the same
analysis (Fig. 2B). Ms were divided into progressive 0.05% incre
ments from 0.65 to 1.00% to determine the optimal cutoff point for
IMVDs; 0.80% was identified as a cutoff point for discrimination into
two groups: high Al (HA! 0.80%) and low A! (LA! < 0.80%). The

A

a HAl group (0.80%).

b LAI group (<0.80%).

C IMVD (mean Â± SD).

drn67 LI(mean Â±SD).
e NS, not significant.

differences in IMVD and Ki-67 LI between HA! and LA! groups were
evaluated. Once again, significant differences in IMVDs between HAl
and LAI were seen (P < 0.001) with no appreciable differences of
Ki-67 LIs between the two groups (P > 0.05; Table 1). Also, a
significant difference in Ms between the hypervascular and the hy
povascular tumors was observed, with high Al (1.45 Â± 1.20%) in
hypovascular tumors and low Al (0.58 Â±0.46%) in hypervascular
tumors (P < 0.00001). The relationship of Al, IMVD, and Ki-67 LI
to the expression of p53 was also evaluated, respectively. The Ms
were 1.13 Â±1.08% in the tumors negative for p53 staining (n = 56)
and 0.84 Â±0.85% in those with p53-positive staining from 1+ to
3 + (n = 45), but the difference was not significant. Thirty of the
45 p53-positive tumors (66.7%) were identified as having LA!

(P = 0.09). No significant correlation was found between IMVD,
Ki-67 LI, and the expression of p53. The statistical analysis applied to
compare the relationship between IMVD and Ki-67 LI failed to find
any significant correlation between them.

Discussion

This study revealed a significant inverse correlation between apop
tosis and angiogenesis in gastric carcinomas and demonstrated that the
incidence of spontaneous apoptosis is significantly influenced by the
extent of IMVDs. To our knowledge, this is the first time that an
inverse correlation between apoptosis and angiogenesis has been
demonstrated in human tumors. Experimental study shows that tumor
cells in a prevascular state may replicate as rapidly as those in an
expanding vascularized tumor, but the generation of new cells is
balanced by programmed cell death. The inhibition of angiogenesis
limits tumor growth by elevating the incidence ofapoptosis (6, 8â€”10).
In other words, the ability of tumor cells to undergo apoptosis can be
enhanced by inhibition of neovascularization. The result of this study,

450.0 that Ms in the hypervascular tumors are significantly lower than those
in the hypovasculartumors, indicates that when angiogenesis is in
duced, apoptosis is concomitantly reduced. A â€œparacrineâ€•effect in
tumor growth has been proposed to explain the rapid growth of tumors
after the angiogenic switch during tumorigenesis (6, 7). The paracrine
effect results from growth factors produced by capillary endothelial
cells (such as fibroblast growth factor, heparin-binding epithelial
growth factor, and insulin-like growth factor) or by macrophages and
host cells delivered by neovascularization to the tumor (7). The
sustaining effect of such growth factors on tumor cells, the deprivation
of which can induce massive apoptosis (15, 16), may contribute to the
mechanism by which the inhibition of apoptosis is a result of neo
vascularization. In addition, hypoxia may serve as the link between

â€” apoptosis and angiogenesis as well. By providing a physiological

selective pressure, hypoxia selects for apoptosis-resistant cells (3). At
the same time, hypoxia may induce the expression of vascular endo

___@o thelialgrowthfactorandpossiblyangiogenesis(6).Thisstudyalso
100. suggests that apoptosis may associate with the prognosis of a variety

of tumors. In fact, a positive correlation between AIs and prognosis in
gastric carcinoma has been found in this laboratory.4

4 N. Tanigawa, C. Lu, H. Amaya, M. Matsumura, and R. Muraoka, unpublished data.

5.0

0
0.
0
0.

0.0
0.0

5.0

a,
â€¢u
0

â€˜I

0
0.
0
0.

,@

0.0
0.0

.

.

.
.

.

.. %â€¢

.yZz@.
Intratumoral Microvessel Density

S
S

.
.

S
S S

55 5
â€¢5

S S

55 5

S@.S_@ :.@

B

S..@@ 5@5 â€¢S5S@

â€¢.â€˜@.5545 5
5 SS.@ â€¢@ S %

t_SSL_â€¢ 5,_S @â€¢ ,

S

Ki-67 Labeling Index (%)

Fig. 2. Regression analysis of the Spearman rank correlation coefficient for the
correlations ofAl with IMVD and Ki-67 LI. A, plotting Al against the IMVD on a per case

basis (r = â€”0.4066, P < 0.0001). B, plotting Al against 10-67 LI on a per case basis
(r 0.0142, P > 0.05).

223

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/2/221/2464970/cr0570020221.pdf by guest on 19 M

ay 2023



APOPTOSIS AND ANGIOGENESIS IN GASTRIC CARCINOMA

Ki-67 LIs comparable with other reports (17) were obtained in this
study. The determination of Ki-67 LI has been used to estimate the
proliferative ability of tumor cells. Tumor growth results from the
balance between cell proliferation and cell death, most of which
occurs through apoptosis (2, 6). Statistical analysis failed to find a
significant correlation between A! and Ki-67 LI in this study. Several
other reports have also indicated that tumor cell proliferation does not
correlatewell with apoptosis (8â€”10).

A role for wild-type p53 as an apoptosis regulator in response to
DNA damage and hypoxia has been demonstrated by several groups
(1 , 3). However, normal developmental pathways to control apoptosis
can operate independently of wild-type p.53 (1). The weak effect of
p53 expression on A! shown in this study suggests that the sponta
neous apoptotic pathway in gastric carcinomas may operate independ
ently of wild-type p53 but may be up-regulated by it.

Variable AIs, ranging from 0 to 15% in gastrointestinal carcinoma,
have been determined using various methods (5, 17, 18). The sporadic
distribution of apoptotic cells and bodies, which are difficult to be
identified morphologically within large numbers of polymorphic flu
dci under light microscopy, makes the evaluation of Ms by comput
erized or even semiautomated counting very complicated and may not
give appropriate results, unless there is some interactive input by the
researcher (5, 11, 18). This may be one reason for the high number of
controversial findings in this field (5, 17â€”19)and may explain why the
association between apoptosis and other tumor biological properties,
such as IMVD, has received little auention for a long time. Further
more, the variance of reported AIs may result from the method of
counting apoptotic bodies. To date, no uniform criteria for the iden
tification of apoptotic bodies has been determined. Counting every
single nuclear fragment and cell debris down to arbitrarysize and
shape as an apoptotic body may lead to a paradoxical conclusion in
relation to the popular view regarding the role of apoptosis in tumor
progression (19). Under light microscopy, with a 400-fold magnifi
cation, an arbitrary nuclear residue down to approximately 2 @.am,
without special staining, is extremely difficult to identify as an apop
totic body. In addition, many pieces of fragments can be generated
from one apoptotic cell at a very late stage, which may reflect a long
duration of apoptotic bodies and a reduced ability of phagocytosis
(20). Considerable positively staining residues down to 2 @mhave
been observed in extra- or intratumoral cells, which are excluded from
the counting of AIs in this study. A positively staining, relative large,
and roundish nuclear residue 4 pm in diameter is recommended by
this study as a criteria for apoptotic body identification under light
microscopy with a 400-fold magnification using in situ labeling
techniques.

In conclusion, the incidence of spontaneous apoptosis is significantly
influenced by the extent of neovascularization in gastric carcinoma,

suggesting a possible inhibitory role of tumor angiogenesis on apoptosis.
Further studies are necessary to confirm whether apoptosis is inversely
related to angiogenesis in other types of human tumors.
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