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Background: Pyrimidine nucleoside phosphorylase (PyNPase) 

is an enzyme that converts 5'-deoxy-5-fluorouridine to 5-

fluorouracil. PyNPase is identical to platelet-derived endo-

thelial cell growth factor (PD-ECGF), and has angiogenic 

activity. In the present study of PyNPase activity in renal 

cell carcinoma, we tested for correlation between PyNPase 

activity and tumor extension, tumor proliferation and clini-

cal characteristics. 

Methods: Samples of tumor tissue and non-tumor tissue were ob-

tained from 10 renal cell carcinoma patients who underwent 

radical nephrectomy. These samples were examined, and 

PyNPase activity of the tissues was assayed. 

Results: PyNPase activity was significantly higher in renal can-

cer tissue than in normal tissue (p<0.01), and in immuno-

histochemical assays PyNPase was strongly stained in the cyto-

plasm of renal cancer cells. However, there were no significant 
correlation between PyNPase activity and tumor extension, ac-

cording to the results of histopathological examination and 

evaluation of vascularity of renal cancer tumor tissue. 

Conclusion: In this study, we did not observe correlation be-

tween PyNPase activity and renal cancer extension and 

proliferation. However, the present data suggest that 

pyrimidine-class drugs may be useful against renal cell car-
cinoma, because PyNPase activity is significantly higher in 

renal cancer tissue than in normal tissue. 
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Introduction

an enzyme that converts 5'-deoxy-5- fluorouridine (5'-
DFUR), a pro-drug of 5-fluorouracil (5-FU), to 5-FU 

[1, 21. Recently, it was reported that PyNPase expres-
sion is accelerated in various tumors [3]. Also, the 

higher the PyNPase activity in tumor tissue, the 

greater the anti-tumor effect of pyrimidine-class anti-
tumor drugs [4, 5]. Many reports have communicated 
that pyrimidine-class anti-tumor drugs are useful in 

patients with cancer of the breast and digestive or-

gans, especially colorectal cancer [6, 71, and are ex-
pected to be useful in treatment of other tumor types. 

 Although renal cell carcinoma (RCC) accounts for 

just 3% of all adult cancers, among urinary tract tu-
mors it is one of the most frequently occurring [8]. 

Interferon (IFN), the only drug which has been found 
to be useful in the treatment of RCC, produces a clini-

cal response corresponding to approximately 20% [91 
after radical nephrectomy. Therefore, more effective 

therapy for RCC is needed. 
 In 1992, using cloning techniques, researchers determined 

that PyNPase and PD-ECGF are the same substance [10, 
111. PyNPase was found to be angiogenic, and to greatly 

enhance tumor growth in vivo [121. Most RCCs are 
hypervascular, and overexpress angiogenic factors such as 

VEGF [13] and b-FGF [14]. Therefore, investigation into 
PyNPase activity in renal cancer tissue might aid in the 

evaluation of prognostic factors and treatments of RCC. 
 To determine whether pyrimidine-class anti-tumor drugs 

would be effective against RCC, we investigated PyNPase 
activity, histopathology and clinical characteristics of RCC 

patients who underwent radical nephrectomy. Further-
more, since PyNPase and PD-ECGF are the same sub-

stance, we also attempted to determine whether there is a 
relationship between PyNPase activity and tumor exten-

sion and proliferation.

Pyrimidine nucleoside phosphorylase (PyNPase) is
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Patients 

 Surgical specimens used in this study were obtained



from 10 RCC patients (6 men and 4 women; age 

range, 53-76 years; mean age, 64.3 years) who under-
went radical nephrectomy at Nagasaki University 

Hospital. Patients had not received therapy prior to 
the operation.

PyNPase activity 

 We measured PyNPase activity in 1-cm (1 cm X 1 cm) 
samples of tumor tissue and surrounding normal tissue, 

obtained from resected fresh specimens according to a 
method of Eda et al. [15]. Activity levels were ex-

pressed as the amount of 5-FU generated from lmg pro-
tein over a period of 60 minutes (,ug FU/mg protein/hr).

Relationship between PyNPase activity and tumor volume, 

angiogenesis and histopathologic characteristics 

 We examined the results of preoperative angiogra-

phy to determine the degree of vascularity, and inves-
tigated the relationship between vascularity and 

PyNPase activity. We used tumor diameter to estimate 

tumor volume, and examined the relationships be-

tween PyNPase activity and tumor volume and 

histopathologic characteristics.

PyNPase activity (,u 9Fu / protein / hr)

tumor tissue 

normal tissue

Localization of PyNPase activity 

 Immunohistologic staining was done using speci-

mens from resected renal tissue, fixed according to the 
AMEX method [161, and mouse anti-human thymidine 

phosphorylase monoclonal antibody (a gift from the 
Research Center, Nippon Roche K. K., Kamakura, 

Japan). PyNPase localization in RCC tissue was exam-
ined according to the procedure described by Sawase 

et al [ 17].

Results

High PyNPase activity in RCC tissue 

 As shown in Figure 1, PyNPase activity in surrounding 
normal renal tissue ranged from 2 to 28.5 jig FU/mg prote-

in/hr (mean, 16.6,ug FU/mg protein/hr), and in renal can-
cer tissue activity ranged from 13.1 to 260,ug FU/mg prot-

ein/hr (mean, 159.7,ug FU/mg protein/hr). In each patient, 
PyNPase activity was significantly higher in renal cancer 

tissue than in normal tissue (p<0.01), and these levels 

(within a single patient) differed on average by a factor 
of 5. In Patient 9, the cancer tissue was cystic rather than 
solid, and this was likely the reason for the observed low 

PyNPase activity.

normal 

tissue

tumor 

tissue
Fig. 1. PyNPase activity of renal cell carcinoma tissue and 
the surrounding normal renal tissue, in renal cell carcinoma 
patients. (A) PyNPase activity in each patient. (B) Mean of 
the PyNPase activity in all 10 RCC patients.



Tumor volume and PyNPase activity 

 Presumptive tumor volume was calculated from the 

operative specimens, in order to test for correlation 
with PyNPase activity in tumor tissue. Although 
PyNPase was observed to have angiogenic effects and 

to greatly enhance tumor growth, there was no signifi-
cant correlation between PyNPase activity and tumor 

volume (Y = 0.08, X = 148.4, R = 0.134) (Figure 2).

Tumor Volume

Fig. 2. Relationship between PyNPase activity in RCC tissue 
and tumor volume.

Gender and PyNPase activity 

 In general, the incidence of RCC is significantly 

higher in men than in women. In the present study, 
we found no correlation between gender and PyNPase 

activity in RCC patients (Table 1).

Table. 1. Relationship between gender and PyNPase activity 

in RCC tissue.

type ( INF-a vs INF-,8 ).

Table. 2. Relationship between PyNPase activity in RCC tis-

sue and histopathological findings.

                  N Tissue PyNPase activity T-test/ correlation 

                     (a g FU/mg protein/hr) 

 Stage I 11 6 177.7±65.0 

                                                        N.S. 

          11I 4 132.6±98.7 

Cell type Clear cell 7 181.9±65.8 

                                                        N.S. 

         Others 3 107.7±94.0 

Grade G-1 4 158.4±65.4 

                                                        N.S. 

          G-2 6 160.5 ± 92.0 

 INF a 7 163.2±92.0 

                                                        N.S. 

          /3 3 151.3±45.6

Sex N Tissue PyNPase activity T-test / correlation 

                  (.tg FU/mg protein/hr) 

male 6 171.5±97.5 

                                                   N.S. 

female 4 141.9±42.9

Vascularity and PyNPase activity 

 There was no correlation between results of preop-
erative angiography and PyNPase activity (Table 3). 

Even hypovascular RCC cells had high PyNPase activ-
ity levels.

Table. 3. Relationship between PyNPase activity in RCC tis-
sue and vascularity (as determined by angiography).

Histopathologic characteristics and PyNPase activity 

 As show in Table 2, we observed no significant correla-
tion between PyNPase activity and the following histo-

pathologic characteristics: tumor stage (early stage vs ad-
vanced stage), cell type (clear cell subtype vs others), 

tumor grade (grade-1 vs grade-2), and infiltration (INF)

                  N Tissue PyNPase activity T-test / correlation 

                         (µg PUnng protein/hr) 

Hypervascular 8 160.5 ± 85.5 

                                                           N.S. 

Hypovascular 2 156.3.± 63.3



Localization of PyNPase expression in RCC tissue and 
normal renal tissue 

 In normal kidney tubule cells, PyNPase expression 
was either weak or undetectable in the cytoplasm 

(Photograph A). In renal cancer cells, PyNPase was 
strongly expressed in the cytoplasm (Photograph B). 

Although there was no significant difference in local-
ization of PyNPase expression between normal kidney 

tubule cells and renal cancer cells, higher levels of ex-

pression were observed in renal cancer cells.

against RCC. Cytokines such as TNF-a , IL-1a and 
INF-y have been reported to increase PyNPase activity 

[ 18], and combined use of TNF-a and 5-FU has been 
reported to effectively inhibit tumor extension [191. 
Based on these findings, it is reasonable to conclude 

that a therapy which combines IFN and 5'-DFUR 
might be particularly effective against RCC. 

 PyNPase and PD-ECGF (which has been determined 
to be an angiogenic factor) are the same substance. 

Some metabolites from nucleic acids that have been 
decomposed by thymidine phosphorylase induce angio-

genic processes; in particular, chemotaxis and migra-
tion of bovine aortic endothelial (BAE) cells [201. PD-

ECGF has been reported to play a role in tumor exte 
nsion/proliferation [21], and increased PD-ECGF ex-

pression has been reported to result in microvascular 

proliferation in tumor tissue [3, 22]. RCC is generally 
hypervascular, and the clinical features of this disease 
are influenced by angiogenic factors such as b-FGF 

[23] and VEGF [24]. These findings suggest a rela-
tionship between PyNPase activity and RCC extension, 

proliferation and tumor volume. However, our results 
did not provide evidence for a relationship between 

PyNPase activity in RCC cellls and histopathologic 
characteristics such as tumor volume or angiography 

results. One possible reason for this finding is the 
small number of cases examined. Also, the present 

study did not include micro-level examination. Further 
study (involving a greater number of cases) will be 

needed in order to clarify the role of PyNPase in RCC. 
 In summary, there was strong staining of PyNPase 

in the cytoplasm of cancer cells, and PyNPase activity 
was significantly higher in RCC tissue than in normal 

tissue. This suggests that pyrimidine-class drugs may 
be effective against RCC.
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Photograph. Immunohistochemical staining of PyNPase in renal 
tissue. (A) PyNPase was weakly expressed in normal renal tubu-
lar cells. (B) PyNPase was strongly stained in the cytoplasm of 
renal cell carcinoma cells. (A) and (B) are 400 X field.

Discussion

 In the present study, we found that PyNPase activ-

ity is significantly higher in RCC tissue than in sur-

rounding normal tissues, and that it is localized in the 

cytoplasm of cancer cells; these results are similar to 

those of previous studies of PyNPase activity in colo-

rectal and breast cancers. These data suggest that 

pyrimidine-class anti-tumor drugs would be effective

 We are grateful to the Research Center, Nippon Roche 

K.K. (Kamakura, Japan), for their kind gift of the mouse 
anti-human thymidine phosphorylase monoclonal anti-

body. We also thank Mr. Takumi Shimogama, Mr. Etsuji 
Taguchi and Mrs. Miki Yoshimoto for their excellent tech-
nical assistance.

References

1) Cook AF, Holman MJ, Kramer MJ, et al. Fluorinated pyrimidine 
   nucleosides.3. Synthesis and antitumor activity of a series of 5'-

   deoxy-5-fluoropyrimidine nucleosides. J.Med.Chem 22: 1330-1335, 
  1979.



2) Ishitsuka H, Miwa M, Takemoto K, et al. Role of uridine phos-

   phorylase for antitumor activity of 5'-deoxy-5-fluorouridine. Jpn J 
   Cancer Res 71: 112-123, 1980. 

3) Toi M, Hoshina S, Taniguchi T, et al. Expression of platelet-
   derived endothelial cell growth factor/thymidine phosphorylase in 

   human breast cancer. Int. J. Cancer 14: 79-82, 1995. 

4) Haraguchi M, Furukawa T, Sumizawa T, et al. Sensitivity of human 
   KB cells expressing platelet-derived endothelial cell growth factor to 

   pyrimidine antimetabolites. Cancer Res 53: 5680-5682, 1993. 
5) Toi M, Taniguchi T, Hayashi K, et al. The effect of combination 

   treatment consisting of 5' deoxy-5-fluorouridine and medroxy-

   progesterone acetate for recurrent breast cancer patients. Gan to 
   Kagaku Ryoho 22: 799-804, 1995. 

6) Maeda H, Miyamoto T, Mochinaga N, et al. 5-Fluorouracil level 
   and pyrimidine nucleoside phosphorylase activity in cancer pa-

   tients after oral administration of doxifluridine (5'-DFUR). Gan to 
   Kagaku Ryoho 18: 965-969, 1991. 

7) Taguchi T. Survival and changes of clinical laboratory data in 

   phase II study with 5'-DFUR. Gan to Kagaku Ryoho 23: 1019-1029, 
  1996. 

8) Arie B, Jean BD. Renal Tumors. Campbell's Urology 76: pp2283-
  2326, 1998. 

9) Garden RJ, Droller MJ. Renal Cancer Future Perspectives: Immuno-
   therapy for renal cell cancer. In Clinical Urology (Krane RJ, 

   Siroky MB, Fitzpatrick JM. : J.B.Lippincott Company, Philadelphia), 
   502-504, 1994. 

10) Ishikawa F, Miyazono K, Hellman U, et al. Identification of angio-

   genic activity and the cloning and expression of platelet-derived 
   endothelial cell growth factor. Nature, 338: 557-562, 1992. 

11) Furukawa T, Yoshimura A, Sumizawa T, et al. Angiogenic factor. 
   Nature, 356 : 668, 1992 

12) Amir M, Hua JZ, Tai-Ping, DF, et al. Thymidine phosphorylase is 
   angiogenic and promotes tumor growth. Biochemistry. Proc. Natl. 

   Acad. Sci. USA, 92: 998-1002, 1995. 
13) Leung DW, Cachianes G, Kuang WJ, et al. Vascular endothelial 

   growth factor is a secreted angiogenic mitogen. Science 246: 1306-
   1309, 1989.

14) Abrahams JA, Whang JL, Tumolo A, et al. Human basic fibroblast 

   growth factor: Nucleotide sequence and genomic organization. 
   EMBO J 5: 2523-2528, 1986. 

15) Eda H, Fujimoto K, Watanabe, et al. Cytokines induced thymidine 

   phosphorylase expression in tumor cells and make them more sus-
   ceptible to 5'-deoxy-5-fluorouridine. Cancer Chemotherapy and 
   Pharmacology 32: 333-338, 1993. 

16) Sato Y, Mukai K, Watanabe S, et al. The AMeX method: A simple 
   technique of tissue processing and paraffin embedding with im-

   proved preservation of antigens for immunostaining. Am. J. Pathol 
   125: 431-435, 1986. 

17) 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. 

18) Eda H, Fujimoto K, Watanabe S, et al. Cytokines induce uridine 

   phosphorylase in mouse colon 26 carcinoma cells and make the 
   cells more susceptible to 5'-deoxy-5-fluorouridine. Jpn.J.Cancer Res 
   84: 341-347, 1993. 

19) Manda T, Nishigaki F, Mukumoto S, et al. The efficacy of 
   combinated treatment with recombinant human tumor necrosis 

   factor-a and 5-fluorouracil is dependent on the development of cap-
   illaries in tumor. Eur. J. Cancer 26: 93-99, 1996. 

20) Haraguchi M, Miyadera K, Uemura K, et al. Angiogenic activity of 
   enzymes. Nature 368: 198, 1994. 

21) Takebayashi Y, Akiyama S, Akiba S, et al. Clinicopathologic and 

   prognostic significance of an angiogenic factor, thymidine phos-
   phorylase, in human colorectal carcinoma. J Natl Cancer Inst 88: 

   1107-1117, 1996. 
22) Takahashi Y, Corazon DB, Wenbiao L, et al. Platelet-derived en-

   dothelial cell growth factor in human colon cancer angiogenesis: 
   Role of infiltrating cells. J. Natl. Cancer Inst 88:1146-1151, 1996. 

23) Eguchi J, Nomata K, Kanda S, et al. Gene expression and 
   immunohistochemical localization of basic fibroblast growth factor 

   in renal cell carcinoma. Biochem. Biophys. Res. Commun 183: 937-
   944, 1992. 

24) Brown LF, Berse B, Jackman RW, et al. Increased expression of 
   vascular permeability factor (Vascular endothelial growth factor) 

   and its receptor in kidney and bladder carcinoma. Am. J. Pathol 
   143: 1255-1262, 1993.


