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Abstract

The correlation between apoptosis and tumor angiogcnesis in uterine
cervical cancer treated by preoperative intraarterial infusion chemother
apy (IAC) was investigated. Cervical cancer samples surgically obtained
from 12 patients (stages Ib-IIIb) receiving IAC and from 10 patients
(stages Ib-IIb) receiving no chemotherapy and biopsy specimens from the

12 patients before IAC were examined. The apoptolic index (AI) was
determined with an in situ end-labeling assay. Intratumoral microvessel

density (IMVD) and thymidine phosphorylase (dThdPase) expression
were evaluated immunohistochemically using anti-CD34 and anti-dThd-

Pase antibodies. Als were higher in the 8 patients with complete or partial
response to IAC than they were in the 4 nonchemoresponsive patients and
in the 10 patients who received no chemotherapy (/' < 0.01) and were

inversely related to IMVDs (r = 0.724; P < 0.01). Als and IMVDs after

IAC were higher and lower than those before IAC (P < 0.01 ), respectively.
The expression of dThdPase, which has angiogenic activity, was markedly
decreased after IAC. These results suggest that the antituntor effects of
IAC are closely associated with apoptotic cell death, which may be influ
enced in part by the extent of tumor angiogcncsis inhibition.

Introduction

Apoptosis. often referred to as programmed cell death, is a physi
ological process for the elimination of specific types of cells, occur
ring extensively in embryonic development, metamorphosis, and dif
ferentiation ( 1). This process also plays a crucial role in both
proliferation and cell turnover in various tumors. Recent studies
revealed that cells from a wide variety of human malignancies gen
erally responded to some physiological stimuli that may contribute to
tumorigenesis. growth, and metastasis (2). Conversely, tumor cells
undergo apoptosis under nonphysiological conditions, such as radia
tion and chemotherapy, leading to the suppression of tumor growth
and micrometastases (2, 3).

Tumor angiogenesis is essential for tumor development. Prevascu-

lar tumors may remain dormant in situ for months or years, and
switching from a subgroup of prevascular tumor cells to an angiogenic
phenotype enables rapid growth, progression, and metastasis (4).
Angiogenesis inhibitors can induce and sustain the dormancy of
experimental primary tumors and micrometastases by elevating the
incidence of apoptosis in tumor cells, although the proliferation rate
remains unchanged (5, 6). Therefore, a correlation between apoptosis
and tumor angiogenesis might be expected in human solid tumors.

Recent investigations have revealed that the incidence of sponta
neous apoptosis in tumor cells is inversely related to the extent of
neovascularization, and that tumor angiogenesis may contribute to a
reduction of apoptosis in tumor cells (7). However, the correlation
between apoptosis and angiogenesis in human solid tumors treated by
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chemotherapeulic agents has not yet been evaluated. In the present
study, we investigated AI~ and IMVD in uterine cervical cancer

tissues from patients who underwent radical surgery after preoperative
chemotherapy. In addition, immunohistochemical staining for dThd-
Pase/PD-ECGF was conducted simultaneously to evaluate the rela

tionship between apoptosis and the angiogenic activity of tumor cells
treated by preoperative chemotherapy.

Materials and Methods

Patients and Tissue Samples. In the past .3 years, prcoperative IAC was
administered lo 38 patients with locally advanced cervical cancer (ihc Inter
national Federation of Gynccology and Obstetrics stages lh-lllh) at our insti

tution. Subjects with stage Ib and Ila carcinomas were required lo have tumors
larger than 4 cm in diameter. Among these patients, the 12 who underwent a
radical hysterectomy after the completion of chemotherapy were enrolled in
this study. The other 2ft patients were treated further with radiotherapy. For
IAC, 5-French polyethylene catheters were inserted through both femoral
arteries by Seldinger's technique, and each catheter tip was placed in the

anterior division of the internal iliac artery, just distal to the branching out of
the superior gluteal artery. The regimen used was mitomycin-C (K) mg/nr).

theraruhicin (10 mg/nr). and cisplatin (I(X) nig/person). The course was
repeated twice at an interval of 21 days. Fifteen days from the end of the
second IAC course, a clinical response to IAC was evaluated hy gynecological
examination and magnetic resonance imaging. Clinical CR was defined as the
complete disappearance of all objective clinical evidence of disease. PR was
defined as a greater than 50% reduction in tumor volume. SBD was used for
a decrease in tumor volume of less than 50%. Radical surgery was performed
within 14 days after the evaluation of'clinical response to IAC. Uterine samples

surgically obtained from the 12 patients after IAC and from an additional 10
patients (the International Federation of Gynecology and Obstetrics stages
Ih-llhl with locally advanced cervical cancer receiving no preoperative chem

otherapy and the 12 biopsy specimens obtained before IAC were fixed in 10%
formalin and embedded in paraffin wax. Serial sections including the greatest
diameter of the tumors from the operative specimens and including tumor cells
from the biopsy specimens were used for the present study.

Determination of AI. DNA breaks were detected /';/ situ hy TÃšNEL

according to the method of Gavrieli et al. (S) with some modifications as
described previously (9). Paraffin sections were de-waxed, rehydrated through

a graded alcohol series, and washed with PBS. Subsequently, the tissues were
digested with 20 fig/ml proteinase K (Sigma. St. Louis, MO) for 15 min at
room temperature and then washed with distilled water and subsequently with
PBS. The tissues were incubated with a solution containing 2% H,O, in PBS
to inhibit endogeneous peroxidase activity and then washed with PBS. TdT
buffer solution |l()0 HIMpotassium cacodylate. 2 HIMcobalt chloride, and 0.2
niM DTT (pH 7.2)1 containing 0.3 unit/fil TdT (Oncor. Gailhcrsburg. MD) and
0.04 nmol/fil digoxigenin-dUTP (Oncor) was added to cover the tissues, which
were then incubated in a humidified atmosphere for 60 min at 37Â°C.The

tissues were washed with buffer solution containing 3(K) HIMsodium chloride
and 30 mM sodium citrate for 30 min at 37Â°Cto terminate the reaction and then

washed with PBS. They were subsequently incubated with anti-digoxigenin-

2 The abbreviations used are: Al. apoplotic index; IMVD. intratumoral microvessel
density; dThdPase. thymidine phosphorylase; PD-H('(il;. platelet-derived endolhelial cell

growth factor; IAC. intraarterial infusion chemotherapy; CR. complete response; PR.
partial response; SBI). stable disease; TdT. terminal dcoxynucleotidyl Iransferase;
TÃšNEL. TdT-medialcd nick end labeling.
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Fig. 1. TÃšNEL signals, intratumoral microvessels,

and dThdPase expression in cervical cancer. Intense
TÃšNEL signals are demonstrated in the nuclei of some
tumor cells from both a patient who received no preop
erative chemotherapy with an AI of 1.8f/i (Â«rrou-.cin a)

and a chemoresponsive patient after 1AC with an AI of
12.0% (arrows in b}. Intratumoral microvessels are de
tected as consistent staining of endothelial cells using
anti-CD34 antibody (r and d). The IMVDs, 52 in c and
12 in d, are shown for the area used for counting the Als
of if and h, respectively. Immunoreactivity of dThdPase
is mainly identified in the cytoplasm of lumor cells.
There is also a strong staining in squamous cell carci
noma (e) and adenocarcinoma (/). Scale bars, 30 /j.m.
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/
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Table I Clinical features. Al, IMVD. and dThdPase expression of the 22 uterine cemcal cancer tissue samples analyzed
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" Stages are presented according to the classification of the International Federation of Gynecology and Obstetrics.

K. keratini/ing-type squamous cell carcinoma; NKL. nonkeratinizing large cell-type squamous cell carcinoma; NKS. nonkeratini/ing small cell-type squamous cell carcinoma; AD,

adenocarcinoma; ADSQ. adenosquamous carcinoma.
' Occurrence of TUNEL-positive nuclei within five fields at X200.
'' Nonparametric lest showed that the mean Al or IMVD was significantly higher or lower in the 2 CR patients (cases I and 2) and the 6 PR patients (cases 3-8) with IAC than

it was in the 4 SBD patients (cases 9-12) and the 10 patients (cases 13-22) who received no chemotherapy (P < 0.01). respectively.
'' Number of intralumoral microvessels within five fields at X200.

'The Â¡mmunoreactivity of dThdPase is expressed as a percentage and assigned to one of three subgroups: -, <10%; 1+, 10-50%; and 2 + . >50%.
â€¢¿�"Mean Â±SD.
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peroxidase complex for 30 min at room temperature and stained with a solution
of 0.05% 3.3'-diaminobenzidine and 0.01% H2O2 in Tris-HCl buffer (DAB

solution) at pH 7.6 for 3-6 min at room temperature. The sections were

counterstained with 1% hematoxylin. Negative controls were obtained by
omitting TdT from the buffer solution. The AI was calculated as the ratio of
TUNEL-positivc cancer cells:the total number of cancer cells and obtained in

more than five 10 X 20 microscopic fields.

Determination of IMVD. Immunohistochemical staining for CD34 to
highlight endothelial cells (10) was performed using the avidin-biotin-perox-
idase complex method. Briefly, de-waxed and rehydrated tissue sections were
incubated overnight at 4Â°Cwith mouse monoclonal anti-CD34 antibody (QB-

END/10; Novocastra Laboratory. Newcastle, United Kingdom) at a 1:50
dilution and (hen washed with PBS. Biotinylated horse antimouse immuno-

globulin (DAKO. Kyoto. Japan) was then added to the sections for 30 min at
room temperature. Peroxidase-conjugated avidin (DAKO) was applied after

the sections were washed with PBS. Peroxidase activity was detected by
exposure of the sections to the DAB solution as described above. The sections
were counterstained with hematoxylin. Normal mouse IgG was used as a
substitute for the primary antibody for the negative controls. The sections
showed a frequently heterogeneous staining pattern lor anti-CD34 antibody.

For the determination of IMVD. the five most vascular areas within a section
were selected and counted under a light microscope with a 2(K)-tbld magnifi

cation (i.e.. X20 objective lens and X10 ocular lens: 0.7386 mirr/field) as
described by Weidner et al. (11). The average numbers were recorded as the
IMVD for each case.

Immunohistochemical Staining for dThdPa.se. To evaluate the effect of
preoperative chemotherapy on the angiogenic activity of the tumor cells, we
performed an immunohistochemical study for dThdPase. also known as PD-
ECGF. which is an enzyme implicated in tumor-associated angiogenesis (12,
13). A mouse monoclonal anti-dThdPase antibody was kindly provided by the

Nippon Roche Research Center (Kamakura. Japan). Tumor sections were
heated twice in an oven at 70Â°Cfor 5 min and then incubated overnight at 4Â°C

with anti-dThdPase antibody at a 1:100 dilution and washed with PBS. The

following steps were the same as those used for the anti-CD34 protocol. The

immunoreactivity of dThdPase is expressed as a percentage of the number of
dThdPase-positive cancer cclls:the total number of cancer cells and assigned to
one of three subgroups: (a) -, <10%: (h) I +. 10-50%; and (c) 2 + , >50%.

Statistical Analysis. A nonparametric test was used to determine the
statistical correlation among AI. IMVD. and dThdPase expression before and
after 1AC. The Spearman rank correlation coefficient was also used to analyze
the relationship between the AI and IMVD.

Results

The evaluation of clinical response after IAC revealed a CR in 2 of
the 12 patients, a PR in 6 patients, and SBD in 4 patients. Tissue
samples from these 12 patients before and after IAC and from an
additional 10 patients who received no preoperative chemotherapy
were examined in the TÃšNEL and immunohistochemical studies.

Intense TÃšNEL signals were observed in the nuclei of some tumor
cells before and after IAC (Fig. 1, a and b). The immunoreactivity of
anti-CD34 antibody was located only on the cytoplasm of endothelial
cells, and not on tumor cells or interstitial cells (Fig. 1, t1 and d). In

contrast to the immunoreactivity of anti-CD34 antibody, that of dTh

dPase was observed only in the cytoplasm of tumor cells (Fig. 1, ? and
/). The negative control slides for TÃšNEL, CD34. and dThdPase
exhibited no specific staining.

Table 1 shows the overall results including clinical data, histolÃ³g
ica! type, AI. IMVD, and dThdPase expression. The mean AI was
significantly higher in the 8 patients (cases 1-8) with CR or PR to
IAC than it was in the 4 patients with SBD (cases 9-12) and in the 10
patients who received no chemotherapy (cases 13-22; P < 0.01). In

contrast to the AI, the mean IMVD was significantly lower in the
chemoresponsive group (cases 1-8) than it was in the nonchemore-
sponsive (cases 9-12) and control (cases 13-22) groups (P < 0.01).

Regression analysis with the Spearman rank correlation coefficient on
plots of AI versus IMVD on a per case basis revealed a significant
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Fig. 2. The corrÃ©lationamong AI. IMVD. and dThdPase expression (â€¢.CR; A. PR; â€¢¿�
SBD; O. nontrealed). (/. regression analysis with the Spearman rank correlation coefficient
on plots of AI vrrv/i.v IMVD on a per case basis (r = 0.724; P < 0.01 ). />.the re killon ship

of AI and IMVD to the expression of dThdPase.

inverse correlation between them (r = 0.724: P < 0.01), as shown in

Fig. la. The relationship of AI and IMVD to the expression of
dThdPase was also evaluated. As shown in Fig. 2b. the Als in the
tumors with 2+ dThdPase-positive staining were significantly lower

than those in the tumors that were negative for dThdPase staining.
However, the IMVDs in tumors with dThdPase-positive staining from

1+ to 2+ were significantly higher than those in the tumors that were
negative for dThdPase staining. The results of AI, IMVD. and dTh
dPase expression after IAC were compared with those before IAC
using the biopsy specimens. There was a significant increase in the AI
and a significant decrease in the IMVD after IAC (P < 0.01). In
addition. dThdPase immunoreactivity was markedly decreased in the
chemoresponsive patients after IAC. as shown in Fig. 3.

Discussion

Preoperative IAC has recently been investigated as a new thera
peutic approach to locally advanced cervical cancer because of the
disappointing results with conventional treatments, and data from
different studies suggest that cervical cancer is a chemosensitive
tumor (14, 15). The use of IAC may shrink bulky tumors before
surgical and radiation treatment and may also reduce the incidence of
lymph node metastasis. After IAC, radical surgery can remove resid
ual central disease, enable the evaluation of lymph node status, and
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Fig. 3. Changes in Al. IMVD. and dThdPase expression before and after IAC (â€¢.CR:
A. PR; â€¢¿�SBDl. There was a significant increase in the AI and a significant decrease in
the IMVD after IAC (P < 0.01). The dThdPase immunoreactivity was markedly de
creased in chemoresponsive patients after IAC.

presumably improve the cure rate in a high percentage of cases that
had previously been considered to be inoperable (15). Various com
binations of drugs have been used in such studies; however, the
mechanism that leads to cell death and reduces the micrometastases
induced by preoperative chemotherapy remains to be elucidated.

The present results demonstrated that apoptosis occurred more
frequently in the tissues from the 8 CR and PR patients than in those
from the 4 SBD patients and the 10 who received no preoperative
chemotherapy. The Als of the chemoresponsive cases after IAC were
also significantly higher than those before IAC. These results suggest
that preoperative IAC using a combination of mitomycin-C, theraru-

bicin, and cisplatin may induce apoptotic cell death in locally ad
vanced cervical cancer. A marked decrease in the IMVD was ob
served in the tissues from the chemoresponsive patients after IAC, and
there was a significant inverse correlation between the AI and the
IMVD. The inhibition of angiogenesis limits tumor growth by elevat
ing the incidence of apoptosis (5, 6). In other words, the ability of
tumor cells to undergo apoptosis can be enhanced by the inhibition of
neovascularization. The present finding that the Als in the hypovas-
cular condition were significantly higher than those in the hypervas-

cular condition indicates that apoptotic cells concomitantly increase
when intratumoral microvessels decrease. The antitumor effects of
preoperative IAC may be associated not only with the chemosensi-

tivity of individual tumor cells themselves, but also with the extent of
tumor angiogenesis inhibition.

A recent study has demonstrated that dThdPase is almost identical
to PD-ECGF (12). dThdPase, an enzyme involved in pyrimidine

nucleotide metabolism, has been shown to have angiogenic activity
(12. 13). Haraguchi et al. (16) reported that dThdPase, through the
degradation products of thymidine, stimulates the chemotaxis of en-

dothelial cells and possibly other cells and thus indirectly stimulates
angiogenesis. Our present study of human cervical cancer indicated
that dThdPase immunoreactivity in tumor cells was well correlated
with IMVD, and its expression was markedly decreased in chemore
sponsive patients after IAC. The inhibitory effects of preoperative
IAC on tumor angiogenesis may be mediated by a decreased level of
dThdPase produced by tumor tissues. Various other peptide growth
factors such as vascular endothelial growth factor (17), basic fibro-
blast growth factor (18), and transforming growth factor-a (19) have

been found to stimulate the proliferation and motility of endothelial
cells, thus inducing new blood vessel formation. Very recently, we
also reported that epidermal growth factor and transforming growth
factor-a stimulated the production of dThdPase in human cervical

cancer cells, which may be associated with their invasive activity (20).
Because tumor angiogenesis is a complex multistep process controlled
by such various growth factors, it is unlikely that the inhibitory effects
of preoperative IAC on the angiogenic phenotype of cervical cancer
can be explained by the expression of dThdPase alone. Additional
studies are needed to clarify the molecular events leading to the tumor
angiogenesis inhibition induced by IAC.

To our knowledge, this is the first report to highlight the relation
ship between apoptosis and angiogenesis in human solid tumors after
preoperative chemotherapy. Although preliminary, these results are
potentially important in translating proven laboratory data into clini
cally relevant findings that may influence the treatment of human
malignant tumors.

Acknowledgments

We are grateful to Nippon Roche Co. for the gift of anti-dThdPase antibody.

We also thank several colleagues for collecting clinical materials and E.
Shintani and K. Sato for technical assistance.

References

I.

12.

13.

16.

18.

19.

Kerr. J. F. R.. Wyllie. A. H.. and Currie. A. R. Apoptosis: a basic biological
phenomenon with wide-ranging implications in tissue kinetics. Br, J. Cancer, 26:
239-257. 1972.
Thompson. C. B. Apoptosis in the pathogenesis and treatment of disease. Science
(Washington DC), 267: 1456-1462, 1995.

Ellis, P. A., Smith. I. E.. McCarthy. K., Detre. S.. Salter. J.. and DowseÂ», M.
Preoperative chemotherapy induces apoptosis in early breast cancer. Lancet, 349:
849, 1997.
Folkman. J. Clinical applications of research on angiogenesis. N. Engl. J. Med.. 333:
1757-1763. 1995.
Holmgren. L.. O'Reilly. M. S.. and Folkman. J. Dormancy of micrometastases:

balanced proliferation and apoptosis in the presence of angiogenesis suppression. Nat.
Med., /: 149-153. 1995.
Parangi. S.. O'Reilly. M.. Chrislofori. G.. Holmgren. L., Grosfeld. J.. Folkman, J., and

Hanahun. D. Antiangiogenic therapy of transgenic mice impairs de novo tumor
growth. Proc. Nati. Acad. Sci. USA. 93: 2002-2007, 1996.

Lu, C., and Tanigawa. N. Spontaneous apoptosis is inversely related to intratumoral
microvessel density in gastric carcinoma. Cancer Res.. 57: 221-224. 1997.
Gavrieli, Y.. Sherman. Y.. and Ben-Sasson, S. A. Identification of programmed cell
death in situ via specific labeling of nuclear DNA fragmentation. J. Cell Biol., 119:
493-501. 1992.
Ueda. M.. Kumagai. K.. Ueki. K.. Inoki. C. Orino. I., and Ueki. M. Growth inhibition
and apoptotic cell death in uterine cervical carcinoma cells induced by 5-fluorouraci!.
Int. J. Cancer. 71: 668-674, 1997.
Tanigawa. N., Amaya. H.. Matsumura, M.. Lu. C., Kitaoka, A., and Matsuyama. K.
Tumor angiogenesis and mode of metastasis in patients with colorectal cancer. Cancer
Res.. 57: 1043-1046. 1997.
Weidner. N.. Semple. J. P.. Welch. W. R.. and Folkman. J. Tumor angiogenesis and
metastasis: correlation in invasive breast carcinoma. N. Engl. J. Med.. 324: 1-8,

1991.
Furukawa, T., Yoshimura. A.. Sumizawa, T., Haraguchi, M.. Akiyama. S.. Fukui.
K., Ishizawa. M.. and Yamada. Y. Angiogenic factor. Nature (Lond.), 35f>: 668,
1992.
Moghaddam. A.. Zhang, H. T., Fan. T. P. D.. Hu. D. E.. Lees, V. C., Turley, H., Fox,
S. B.. Gatter, K. C.. Harris. A. L.. and Bicknell. R. Thymidine phosphorylase is
angiogenic and promotes tumor growth. Proc. Nati. Acad. Sci. USA. 92: 998-1002.

1995.
Zanella. G.. Landoni. F.. Colombo. A., Pellegrino. A.. Manco. A., and Leventis. C.
Three-year results after neoadjuvant chemotherapy, radical surgery, and radiotherapy
in locally advanced cervical carcinoma. Obstet. Gynecol., 82: 447-450, 1993.

Park, S. Y., Kim, B. G., Kim, J. H.. Lee. J. H., Lee, E. D., Lee. K. H., Park. K. B.,
Lee. B. H., and Kim. K. H. Phase I/II study of neoadjuvant intraarterial chemotherapy
with milomycin-C. vincristine. and cisplatin in patients with stage lib bulky cervical
carcinoma. Cancer (Phila.). 76: 814-823. 1995.

Haraguchi. M.. Miyadera. K.. Uemura. K.. Sumizawa. T.. Furukawa. T.. Yamada. K..
and Akiyama. S. Angiogenic activity of enzymes. Nature (Lond.). 368: 198. 1994.
Connolly. D. T. Vascular permeability factor: a unique regulator of blood vessel
function. J. Cell. Biochem.. 47: 219-223. 1991.

Ohtani. H.. Nakamura, S.. Watanabe. Y., Mizoi, T.. Saku. T.. and Nagura. H.
Immunocytochemica! localization of basic fibroblast growth factor in carcinomas and
inflammatory lesions of the human digestive tract. Lab. Invest., 68: 520-527. 1993.
Maiden, L. T.. Novak. U.. and Burgess. A. W. Expression of transforming growth
factor a messenger RNA in the normal and neoplastic gastro-intestinal tract. Int. J.
Cancer. 43: 380-384. 1989.
Ueda. M.. Ueki, M., Terai. Y.. Morimoto. A.. Fujii, H., Yoshizawa. K.. and
Yanagihara. T. Stimulatory effects of EOF and TGF-a on invasive activity and
5'-deoxy-5-fluorouridine sensitivity in uterine cervical carcinoma SKG-IIIb cells. Int.

J. Cancer, 72: 1027-1033. 1997.

2346

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/11/2343/2466497/cr0580112343.pdf by guest on 19 M

ay 2023




