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ANGIOGENIN EXPRESSION IN SUPERFICIAL 

         BLADDER CANCER 

      Kanenori MAEDA, Koichiro NOMATA, Mitsuru NOGUCHI 
                   and Hiroshi KANETAKE 

    From the Department of Urology, Nagasaki University School of Medicine

   The concentration of angiogenin in the tumor tissues and corresponding normal tissues of 20 
superficial bladder cancer patients was measured using a sandwich enzyme immunoassay (ELISA). 
In addition, immunohistochemical assays were performed in order to clarify the localization of 
angiogenin expression in bladder tissue. The mean concentration of angiogenin in the carcinoma 
tissues was significantly lower than that in the corresponding normal tissues  (P<  0.001). Angiogenin 
expression was weak in the bladder cancer cells. The present results show that the expression of 
angiogenin is lower in superficial bladder cancer tissues than in corresponding normal tissues. The 
biological role of angiogenin in carcinogenesis of bladder cancer may be different from those of other 
angiogenic factors. 

                                             (Acta Urol. Jpn.  47: 547-554, 2001) 
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          INTRODUCTION 

  Angiogenesis is one of the most important 
biological processes underlying organogenesis in 

general and tumorigenesis in  particularly. It is 
essential for the successful growth of solid tumors and 
their acquisition of metastatic and invasive ability, 
and it is accomplished in multiple steps including 

migration, proliferation and differentiation of 
endothelial cells, in addition to proteolysis of the 
extracellular  matrix"). To date, several angiogenic 
factors have been identified, and it has been 

determined that they control angiogenesis in concert. 
  Human angiogenin, a protein with a potent ability 

to induce new blood vessel growth, was initially 
isolated from conditioned medium of the human 
colonic adenocarcinoma cell line HT29 using an assay 

based purely on its function in  angiogenesis4). 
Angiogenin promotes vascularization in the chicken 
chorioallantoic membrane and rabbit  cornea4) 

However, it is not a tumor-specific product, and has 
also been isolated from non-malignant cells including 
human peripheral blood cells, vascular endothelial 

cells, fibroblasts, colon epithelial cells and urothelial 
 ce11s5-7) It is a protein which consists of a single 

 chain  : a 123-amino-acid polypeptide with a 

molecular weight of 14.2  kDa8) Its sequence is 
homologous to the ribonuclease (RNase) A 

superfamily, although its ribonucleolytic activity is 
limited in comparison to that of  RNases8-I°) Its 
ribonucleolytic activity seems to be necessary but not 

sufficient for angiogenic  activity" >, and it seems to 
interact with endothelial cells via specific 

 molecules12) A series of studies has highlighted the 

interactions between angiogenin and plasminogen, 

plasminogen activators, actin and other factors, all of

which have been implicated as part of a potential 
regulatory system for  angiogenesis13-15) The 
binding of angiogenin to endothelial cell surfaces is 
mediated by  actinI3'15) The binding to actin is the 
first step in a process of internalization, nuclear 

translocation and nucleolar accumulation that leads 
to  angiogenesis16) Angiogenin is involved in nearly 
all steps and phases of angiogenesis. It binds to 
endothelial  cells") and activates second mes- 

       12,18) sengers
,thus mediating activation of basement 

membrane proteases which facilitate cell  inva-
sion15'19), cell  adhesion20), construction of tubular 
structures from endothelial  cells2I), and cell 

proliferation through  mitogenesis22) Although the 

physico-chemical properties of angiogenin and the 
mechanisms of signal transduction and receptor 
binding in vitro have been described, little is known 
about these processes in normal or pathological 
cellular environments. 

 As with other carcinomas, angiogenesis is crucial 

for the growth and metastasis of human bladder 
 cancern. In fact, human bladder cancer pathol-

ogically overexpresses several angiogenic factors, 

including basic fibroblast growth factor (bFGF), 
vascular endothelial growth factor (VEGF), and 

platelet-derived endothelial cell growth factor (PD-
ECGF), all of which are important in modulating 

tumor-host interactions that result in tumor 
 neovascularization23-26) However, there have been 

very few reports on angiogenin expression in human 

bladder  cancern 
 Studies of cancer of the colorectum, pancreas, 

ovary, breast and urothelium have shown that the 
serum angiogenin concentration is higher in cancer 

patients than in normal subjects7'22-30)However, 
there was no correlation between serum concentra-
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tion and tissue concentration of angiogenin in breast 

cancer  patients291 In the present study, we 
examined concentrations of angiogenin in tumor 

tissues and  corresponding normal tissues of bladder 
cancer patients, in order to clarify its function in 

pathological cellular processes. 

      PATIENTS AND METHODS 

 The subjects were 20 patients with superficial 
bladder cancer pathologically diagnosed as transi-
tional cell carcinoma. All patients were admitted to 
Nagasaki University Hospital between June, 1997, 

and August, 2000, and all samples (tumor tissues and 
corresponding normal tissues) were obtained during 
this period by cold cup biopsy. Adjuvant 
intravesical chemotherapy was administered to 10 

patients, and immunotherapy was administered to 6 
patients. Detailed clinicopathological features of 

patients are shown in Table 1. Pathological staging 
and histologic grade were diagnosed according to 
Union Internationale Contrele Cancer (UICC) and 
World Health Organization classification criteria, 

 respectively3I'32) Informed consent was obtained 
from all 20 patients before this study was begun. 

 Immediately after cold cup biopsy, tumor tissues 
and corresponding normal tissue were immediately 
frozen in liquid nitrogen and stored at  —130°C until 

assayed. Protein lysates were extracted using the 
following procedure. Briefly, frozen tissues were 
lysed in 300  ,u1 of ice-cold lysis buffer and 
homogenized with a sonicator. The lysis buffer 

consisted of  50  mM Tris-HCI (pH 7.5), 0.6 M  NaCI, 
0.1% Triton  X-100, 10% glycerol, 1 mM PMSF, 2.5 
mM EDTA, 2.5 mM EGTA and 20 U aprotinin. 
After centrifugation for 15  min at  1,500  X  g, the 
supernatant was used for the angiogenin assays. An 

ELISA kit (R & D Systems, Inc., Minneapolis, MN, 
USA) was used for quantitative determination of 
tissue angiogenin concentration. Briefly, each 

protein lysate was diluted  1  :  150 and added to 

 Table 1. Clinicopathological features of 20 
          superficial bladder cancer patients 

 Age (y.o.) mean±S.D. (range)  64±11 (33-84) 
    male 17 

 Gender      female 3 
  Ta 3  T

umor stage  Ti 
17 
   GI 10 

Tumor grade G2 9 
  G3  1 

      primary 15  History 
       recurrence 5 

       solitary 10 
 Multiplicity 

       multiple 10 
     TUR-Bt 17  O

peration              partial cystectomy 3

microtiter wells precoated with murine monoclonal 
anti-human angiogenin antibody, and then incubated 
with horseradish peroxidase. After complete 
washing, a substrate solution (tetramethyl  benzidine-
H2O2 mixture) was added to the wells, and color 
intensity developed in proportion to the amount of 
bound angiogenin. Color development was stopped 
with sulfuric acid, and the intensity of the color was 
measured with a spectrophometer set to 450 nm. 
The angiogenin value was expressed as ng/mg 

protein. 
 Tissue samples were embedded in paraffin, and 

sections were cut from the paraffin blocks thus 

produced. These sections were incubated with goat 
polyclonal anti-angiogenin antibody (R & D 
Systems, Inc., Minneapolis, MN, USA) diluted at 40 
ng/ml in PBS with 0.03% BSA and 0.05% N2Na. 
Sections were then stained using the DAB 
immunoperoxidase method and counterstained with 
Mayer's hematoxylin, to visualize cell nuclei. The 
negative controls were sections from the same tissue 
block, that were incubated with goat IgG diluted 
1/10,000 as the primary antibody. Immunohi-
stochemical results were interpreted blinded to  the 
results of the angiogenin expression assays (ELISA) 
and the clinicopathological features. 

 Differences in mean values were tested using 
unpaired Student's tests. Welch's test was also 
applied, where necessary. Pearson's correlation 
coefficient (r) was tested using the F test. All 
calculations were performed using Macintosh Stat 
View Software. A probability (P value) of <0.05 
was considered to indicate significance. 

            RESULTS 

1. ELISA 
 Fig. 1 shows the results of ELISA assay for angio-

genin concentration. Angiogenin was detected in all 
of the bladder carcinomas and corresponding normal 
tissue samples. The angiogenin concentrations 
varied markedly among the patients. Quantitative 
evaluation by ELISA revealed that the average 
angiogenin concentration was  6.4  ±  4.5 S.D. ng/mg 

protein (1.4-16.5 ng/mg protein) in bladder cancer 
tissues and  14.5  ±6.6 S.D. ng/mg protein (4.5-27.0 
ng/mg protein) in normal tissues. Thus, the mean 
angiogenin concentration in normal tissue was 
significantly higher than that in carcinoma tissues 

 (P<0.001). The angiogenin concentration showed 
no correlation with gender or age. In both tumor 
tissue and corresponding normal tissues, there was 
no significant correlation between angiogenin 
concentration and T stage (Ta or  T1), main tumor 
size, history (primary or recurrent tumors) or 
multiplicity (solitary or multiple tumors) (Tables 2 
and 3). Only 2 of the 20 patients, all of whom had 
undergone a complete resection, were found to have
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 Fig. 1. Assay of tissue angiogenin concentration by ELISA. (a) Expression of angiogenin 
        was detected in all assayed bladder carcinoma tissues and corresponding normal 

        urothelial tissues. In 18 of the total 20 patients, angiogenin concentrations detected 
        in normal tissues were higher than those detected in cancer tissues. (b) The mean 

         angiogenin concentration in carcinoma tissues was lower than that in the 
        corresponding normal tissues (P<0.001).

 Table 2. Angiogenin concentration in tumor 
          tissues  of  20 superficial bladder cancer 

           patients 

      FeatureMean±S.D. P value  (ng/mg  • protein) 

        GI 4.8±3.3 T
umor grade  P=0.115            G2

, G3 8.0±5.2 

            primary  6.4±3.9 History P=0.987 
              recurrence 6.4±6.8 

             solitary 6.6±4.9 M
ultiplicity  P=0.820 

             multiple  6.2  ±  4.4 

recurrent tumors during the follow-up period. 

Tumors recurred in those 2 patients at 26 and 9 

months after resection, respectively. The angiogenin 

concentrations in carcinoma tissues of the 2 patients 

with recurrent tumors were 3.3 and 5.6 ng/mg

 Table 3. Angiogenin concentration in normal 
          tissues of 20 superficial bladder cancer 
          patients 

         Feature                          Mean±S.D.p value  (ng/mg•protein) 

Tumor grade GI 13.5±6.0P=0.510             G2
, G3 15.6±7.3 

             primary 13.4±5.4 History  P=0.188 
               recurrence 18.0±9.2 

             solitary 14.9±5.6 M
ultiplicity  P=0.832              multiple 14.2±7.7 

protein, and concentrations in the corresponding 
normal tissue were 5.5 and 15.0 ng/mg protein, 
respectively. There was no correlation between 
angiogenin concentration (in cancer or normal tissue) 
and tumor recurrence.
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  Fig. 2.  Immunohistochemical staining of angiogenin in human bladder cancer and corresponding 
         normal tissue, using an anti-angiogenin antibody. In normal tissue, angiogenin 

         immunodetection showed a typical staining pattern in which  angiogenin was confined to the 
         cytoplasm of the urothelial cells and interstitial cells. Expression was noticeably weak in the 
         bladder cancer tissue. (a) Normal tissue,  X200. The staining pattern indicated strong 

         immunoreactivity in the cytoplasm. A small number of interstitial cells were weakly stained. 
        (b) Bladder cancer, X 200. The pattern of angiogenin staining was significantly weaker than 

         that of normal tissue.
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2. Immunohistochemistry 
 The angiogenin staining pattern was homogeneous, 

and showed strong immunoreactivity in the 
cytoplasm of normal urothelial cells (Fig. 2(a)). A 
small number of stromal cells stained weakly. In 
carcinoma tissues, the angiogenin staining pattern 
was very weak (Fig. 2(b)). Our immunohisto-
chemical data is consistent with the results we 
obtained by ELISA assay, in that both showed 
angiogenin concentrations in carcinoma tissues to be 
lower than those in corresponding normal tissues. 

           DISCUSSION 

 Because angiogenin is one of the most potent 
angiogenic factors, there have been several studies on 
the relationship between angiogenin and neoplasms. 
However, there have been few reports of studies of 
angiogenin in bladder cancer  patients?  ) In the 

present study, we used ELISA to evaluate the 
concentration of angiogenin in carcinoma tissues and 
corresponding normal tissues of superficial urinary 
bladder carcinoma patients, and used immu-
nohistochemical analysis to investigate the 
localization of angiogenin in urothelial cells. 
Miyake et al. previously reported that serum levels of 
angiogenin in patients with invasive urothelial 
carcinoma were significantly higher than angiogenin 
levels in healthy controls and patients with superficial 

 carcinoma7) They found that overall survival of 

patints with elevated serum levels of angiogenin was 
lower than that of patients with normal levels. As 
many previous studies have shown, an elevated serum 
level of angiogenin is an independent prognostic 

predictor for a variety of carcinomas. However, in 
the present study, expression of angiogenin was 
detected in all of the assayed bladder carcinoma 
tissues and corresponding normal urothelial tissue, 
and the mean angiogenin concentration was 
significantly higher in normal tissues than in 
carcinoma tissues. The angiogenin concentration in 
tissue in the present study is different from the serum 
concentration reported by many other authors. 
Montero et al. observed no correlation between serum 
concentrations and tissue concentrations of angio-

genin in breast cancer  patients29) Furthermore, 
when they compared tissue levels of angiogenin with 
clinicopathological factors, they found that an 
elevated angiogenin concentration in tissue was 
associated with smaller tumors and carcinomas of low 
or moderate histological grade, implying an 
association between expression of angiogenin and 
reduced aggressiveness of  tumors29) Similarly, the 

present results suggest a lack of association between 
angiogenin concentration in serum and tissue in 
bladder cancer. In our immunohistochemical assay, 
the staining pattern for angiogenin was homogeneous 
and showed that there was stronger cytoplasmic

immunoreactivity in normal urothelial cells and 
stromal cells than in superficial urothelial carcinoma 

cells. These results suggest that tissue angiogenin 
concentrations may be down-regulated in the course 
of bladder carcinogenesis. However, Miyake 

reported that angiogenin was strongly expressed in 
invasive bladder  cancer?  ) Two hypotheses are 
clearly suggested by these findings. One is that 

during the course of tumor progression, angiogenin 
expression may be up-regulated by genetic factors. 
Another is that there are two distinct angiogenic 

pathways involved in different stages of bladder 
cancer (superficial or invasive  tumors)33) When we 
examined for relationships between angiogenin 

concentration and clinicopathological factors, we 
found no correlation between angiogenin levels and T 
stage (Ta or  T1), grade, main tumor size, history or 
localization. Other important angiogenic factors 

such as VEGF and PD-ECGF may be involved in 
bladder  carcinogenesis23-261 It has been reported 
that these angiogenic factors are expressed at higher 
levels in tumor tissues than in surrounding normal 
tissues. Our results suggest that the role of 

angiogenin may be different from those of other 
angiogenic factors in the superficial growth phase. 
Further detailed research will help clarify the role of 
angiogenin in the adhesion of tumor cells. 

       ACKNOWLEDGMENTS 

 The authors wish to thank Mr. Takumi 
Shimogama, Mr. Etsuji Taguchi and Mrs. Miki 
Yoshimoto for their excellent technical assistance. 

          REFERENCES 

 1) Folkman J, Watson K, Ingber D, et  al.  : Induction 
   of angiogenesis during the transition from 

   hyperplasia to neoplasia. Nature 339 : 58-61, 1989 

2) Folkman  J  : What is the evidence that tumors are 
   angiogenesis  dependent  ? N  Engl J Med  285  : 

   82-86, 1990 

3) Blood CH and Zetter  BR  : Tumor interactions with 
   the  vasculature  : angiogenesis and tumor metastasis. 

   Biochim Biophys Acta  1032: 89-118, 1990 

4) Fett JW, Strydom DL, Lobb RR, et  al.  : Isolation 
   and characterization of angiogenin, an angiogenic 

   protein from human carcinoma cells. Biochemistry 
 24: 5480-5486, 1985 

5) Shimoyama S, Gansauge F, Gansauge S, et  al.  : 
   Increased angiogenin expression in pancreatic 

   cancer is related to cancer aggressiveness . Cancer 
   Res  3: 2703-2706, 1996 

6) Rybak SM, Fett JW, Yao QZ, et  al.  : Angiogenin 
   mRNA in human tumor and normal cells. 

   Biochem Biophys Res Commun  146: 1240-1248, 
   1987 

 7) Miyake H, Hara I, Yamanaka K, et  al.  : Increased 
   angiogenin expression in the tumor tissue and serum



MAEDA, et  al.  : Angiogenin  • Bladder cancer

   of urothelial carcinoma patients is related to disease 

   progression and recurrence. Cancer 86: 316-324, 
   1999 

 8) Strydom DJ,  Fett  JW, Lobb RR, et  al.  : Amino acid 
   sequence of human tumor derived angiogenin. 

   Biochemistry 24: 5486-5494, 1985 

 9) Shapiro R, Riordan JF and Vallee  BL  : 
   Characteristic ribonucleolytic activity of human 

   angiogenin. Biochemistry  25: 3527-3532, 1986 
10) Kurachi K, Davie EW, Strydom DJ , et  al.. 

   Sequence of the cDNA and gene for angiogenin, a 
    human angiogenesis factor. Biochemistry  24: 

   5494-5499, 1985 
11) Hallahan TW, Shapiro R and Vallee  BL  : Dual site 

   model for the organogenic activity of angiogenin. 
   Proc  Natl Acad Sci USA  88: 2222-2226, 1991 

12) Bicknell R and Vallee  BL  . Angiogenin activates 

   endothelial cell phospholipase C. Proc  Natl Acad 
 Sci. USA  85  : 5961-5965, 1988 

13) Hu GF, Strydom DJ, Fett JW, et  al.  : Actin is a 
   binding protein for angiogenin. Proc Natl Acad Sci 

   USA 90: 1217-1221, 1993 
14) Hu GF, Chang SI, Riordan JF, et  al.  : An 

   angiogenin-binding protein from endothelial cells. 
   Proc Nat! Acad Sci USA  88: 2227-2231, 1991 

15) Hu GF and  Riordan  JF  : Angiogenin enhances actin 
   acceleration of plasminogen activation. Biochem 

   Biophys Res Commun 197: 682-687, 1993 
16) Moroianu J and Riordan  JF  : Nuclear translocation 

   of angiogenin in proliferating endothelial cells is 
   essential to its angiogenic activity. Proc Natl Acad 

   Sci USA  91: 1977-1981, 1994 
17) Badet J, Soncin F, Guitton JD, et  al.  : Specific 

   binding of angiogenin to calf pulmonary artery 
   endothelial cells. Proc  Natl Acad Sci USA  86: 

   8427-8431, 1989 

18) Bicknell and Vallee  BL  : Angiogenin stimulates 
   endothelial cell prostacyclin secretion by activation 
   of phospholipase A2. Proc  Natl Acad Sci USA  86: 

   1573-1577, 1989 

19) Hu GF, Riordan JF and Vallee  BL  : Angiogenin 

   promotes invasiveness of cultured endothelial cells 
   by stimulation of cell-associated proteolytic 

   activities. Proc  Nat! Acad Sci USA  91  :  12096-
   12100, 1994 

20) Socin  F  : Angiogenin supports endothelial and 
   fibroblast cell adhesion. Proc  Nat! Acad Sci USA 

 89: 2232-2236, 1992 

21) Jimi  S, Ito K, Kohno K, et  al.  : Modulation by 
   bovine angiogenin of tubular morphogenesis and

551

   expression of plasminogen activator in bovine 

   endothelial cells. Biochem Biophys Res Commun 
   211: 476-483, 1995 

22) Hu GF, Riordan JF and Vallee  BL  : A putative 
   angiogenin receptor in angiogenin-responsive 

   human endothelial cells. Proc  Natl Acad Sci USA 
 94: 2204-2209, 1997 

23) Chopin DK, Caruelle JP, Colombel M, et  al.  : 
   Increased immunodetection of acidic fibroblast 

   growth factor in bladder cancer, detectable in urine. 
   J Urol  150: 1126-1130, 1993 

24) Brown L, Berse B, Jackman R, et  al.  : Increased 
   expression of vascular permeability factor (VEGF) 

   and its receptor in kidney and bladder cancer. Am 

  J Pathol  143: 1255-1262, 1993 
25) Mizutani Y, Okada Y and Yoshida  0  : Expression 

   of platelet derived  endothelial cell growth factor in 
   bladder carcinoma. Cancer  79: 190-194, 1997 

26) Sawase K, Nomata K, Kanetake H, et  al.  : The 
   expression of platelet-derived endothelial cell 

   growth factor in human bladder cancer. Cancer 
   Lett 130: 35-41, 1998 

27) Shimoyama  S, Yamasaki K, Kawahara M, et  al.  : 
   Increased serum  angiogenin concentration in 

   colorectal cancer is correlated with cancer 

   progression. Clin Cancer Res  5  : 1125-1130, 1999 
28) Barton PJD, Cai A, Wendt K, et  al.. Angiogenic 

   protein expression in advanced epithelial ovarian 
   cancer. Clin Cancer Res  3: 1579-1586, 1997 

29) Montero S, Guzman C, Cortes-Funes H, et  al.  : 
   Angiogenin expression and prognosis in primary 

   breast cancer. Clin Cancer Res  4: 2161-2168, 
  1998 

30) Shimoyama S, Gansauge F, Gansauge  S, et  al.  : 
   Increased angiogenin expression in pancreatic 

   cancer is related to cancer aggressiveness. Cancer 
   Res  56  :  2703-2706, 1996 

31) Murphy GP, Kennedy BJ,  Cooper  JS, et  al.  : AJCC 
   Cancer Staging Manual, 5th ed. Philadelphia. 

   Lippincott-Raven, 1997 
32) Mostofi FK, Sobin LH and Torloni  H  : Histological 

   typing of urinary bladder tumors.  Geneva  : WHO, 
  1973 

33) O'Brien T, Cranston D, Fuggle  S, et  al.  : Different 
   angiogenic pathways characterize superficial and 

   invasive bladder cancer. Cancer Res  55  : 510-513, 

   1995
'Received on March 8, 2001 

 Accepted on June 26, 2001

迅速掲載



552 Acta Urol. Jpn.  Vol.  47, No. 8, 2001

和文抄録

表在性 膀胱腫 瘍 におけ るAngiogeninの 発現

長崎大学医学部泌尿器科学教室(主 任:金 武 洋教授)

前 田 兼徳,野 俣 浩一郎,野 口 満,金 武 洋

血 管新 生 は腫 瘍 の発 育,進 展,浸 潤,転 移 に不 可欠

な役割 を担 って い る と考 え られ てお り,と くに腫 瘍 の

発 育 に は様 々 な血管 新 生 因 子 が 関与 して い る.今 回 わ

れ わ れ は,表 在性 膀 胱 腫 瘍患 者(移 行上 皮 癌)を 対 象

に,血 管 新 生 因 子 の1つ で あ るangiogeninの 組 織 内

濃 度 につ いて 検討 を行 った.

20名 の表 在 性 膀 胱 腫 瘍 患 者 の腫 瘍 組 織 内 と正常 組

織 内 そ れ ぞ れ のangiogenin濃 度 をサ ン ドウ ィ ッチ

ELISA法 を用 い測 定 した.ま た膀 胱 組 織 内 に お け る

angiogeninの 局 在 を明 らか にす る 目 的で 免疫 染 色 を

行 った.

腫 瘍組 織 内 のangiogenin濃 度 は正 常 組 織 内 の 濃 度 と

比 較 し て 有 意 に 低 下 し て い た(P<0.001).ま た

angiogeninの 発 現 は 正 常 移 行 上 皮 に高 く,腫 瘍 組 織

内 にお い て 明 らか に低 下 して い た,

膀 胱 腫 瘍 患 者 の 組 織 内 で のangiogeninの 発 現 は正

常 組 織 と比 較 す る と腫 瘍 組 織 内 で 有 意 に低 下 して い

た.こ の結 果 は,膀 胱 腫 瘍 の発 育 の 過 程 で はangio-

gcninは 他 の 血 管新 生 因子 とは異 な る役 割 を担 っ てい

る可 能性 が 示 唆 され た.

(泌尿 紀 要47:547-552,2001)




