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Abstract We investigated the correlation between
thymidine phosphorylase (TP)/platelet-derived endo-
thelial cell growth factor (PD-ECGF) expression, an-
giogenesis, and prognosis in renal cell carcinoma (RCC)
patients. We prepared paraffin block specimens from 56
postradical nephrectomy RCC patients. The prepara-
tions were immunohistochemically stained using anti-
CD34 antibody and anti-TP antibody. Angiogenic
findings were evaluated based on both microvessel
density (MVD) and renal arteriography findings as
classified by Roosen et al. TP expression showed heter-
ogeneity in 56 patients: 11 (19.6%) were negative, 28
(50.0%) weak, and 17 (30.4%) positive. There was no
correlation between TP expression, MVD, and renal
arteriography. There was no TP expression in chromo-
phobe types. Univariate analysis showed a significant
correlation between survival and TP expression, patient
age, tumor infiltration type, pathologic T- and N-stages,
venous involvement, distant metastasis, and tumor
grade. There was no correlation between survival and
MVD or renal arteriography. Multivariate analysis
showed a significant correlation between survival and
pathologic T-stage, distant metastasis, tumor infiltration
type, and TP expression. TP expression in RCC may be
an independent prognostic factor rather than just an
index for angiogenesis.
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Introduction

Angiogenesis is essential for tumor growth and meta-
stasis [6], and there is a significant correlation between
angiogenesis and tumor progression, metastasis, and
prognosis in various cancers, including renal cell carci-
noma (RCC) [13, 24, 29, 36, 38, 39]. Angiogenesis is
induced by various angiogenic factors [6]. For example,
platelet-derived endothelial cell growth factor (PD-
ECGF) has a molecular weight of 45 000 [19] and is
related to the growth and chemotaxis of endothelial cells
in vitro and to angiogenesis in vivo [7, 9]. Recent reports
show TP is identical to PD-ECGF [21, 31]. TP expres-
sion is higher in tumor tissue in the esophagus, stomach,
colon, rectum, lung, gallbladder, pancreas, kidney, and
breast than in the surrounding normal tissue [11, 33, 35].
Furthermore, there is a significant correlation between
TP expression and the recurrence rate in bladder cancer
[20], and between TP expression and survival in gastric
and pulmonary non-small cell carcinoma [14, 16].
Imazono et al. reported TP expression is an independent
prognostic factor in RCC [11]. The purpose of the pre-
sent study was to clarify the clinicopathologic signifi-
cance of TP expression in RCC. We investigated: (1) TP
expression in RCC, (2) angiogenesis based on micro-
vessel density (MVD) and renal arteriography, and (3)
the correlation between survival and clinicopathologic
factors, including angiogenesis and TP expression.

Materials and methods

Patients and materials

Fifty-six patients with primary RCC who underwent radical
nephrectomy at Jichi Medical School between 1977 and 1996 were
included in this study. The patients included 46 men and 10 women
with a mean age of 57.4 + 11.7 years (mean + SD). The average
follow-up period was 62.9 + 48.2 months. Adjuvant immuno-
therapy with interferon-alpha (IFN-o) was performed in 28 cases
(50%). The response rate (including complete, partial and minor
response) of the patients treated with IFN-o was 14.2% (4 of 28
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cases). Pathological evaluation in the present study was based on a
method reported by Imazono et al. [11] and conducted according
to the criteria designated by the Japanese Urological Association
[34]. Tumor grade was classified into two groups (grade 1 and
grade 2 + 3) and, in cases when different grades coincided in ei-
ther of the groups, the classification was based on the higher grade
in the groups. Tumor infiltration type (INF) was divided into two
groups: INFo and INFfS + INFy. Patients were divided into two
groups for venous involvement: no involvement (pV0) and in-
volvement (pV1 + 2). Lymph node metastasis (pN) was divided
into two groups: pN1 + 2, showing renal cell carcinoma cells in
lymph nodes of the renal hilus, and pNO, no lymph node metas-
tasis. Distant metastasis was classified into two groups: metastasis
(M1) confirmed by preoperative imaging including chest X-ray,
abdominal CT scan, and bone scintigraphy, and no metastasis
(MO).

Immunohistochemical staining

Resected specimens were fixed in 4% paraformaldehyde solution,
and embedded in paraffin. The preparation was deparaffinized,
sliced into 4 pum slices, put on slide glasses, and treated in a mi-
crowave oven. The endogenous biotin was blocked using H,O,
followed by incubation with PBS containing 3% skim milk. The
preparations were incubated overnight at 4 °C using either anti-TP
antibody [1, 25] provided by Nippon Roche K.K. (Kamakura,
Japan) or anti-CD34 antibody (My 10, CD34, Becton Dickinson
Inc., Tokyo, Japan). Slices of the preparations, regarded as sec-
ondary antibody, were incubated with biotin-labeled anti-mouse
IgG antiserum. Finally, the specimens were stained using an avidin-
biotin complex method.

Evaluation of TP expression

TP expression in tumor cells was classified into three stages, based
on Koukourakis et al. [14]: (1) negative (0%—20% cancer cells
stained), (2) weak (weak and diffuse staining or strong staining in
the cells <70%), and (3) positive (strong staining in the cells
270%). Staining with an irrelevant mouse IgG was performed
routinely as a negative control and normal liver sections were used
as a positive control because Kupffer cells express a high level of
TP [28].

Fig. 1A-C Immunohisto-
chemical staining of renal
cell carcinoma (RCC).
Thymidine phosphorylase
(TP) expression was
observed in both cytoplasm
and nucleus of RCC. (A: TP
negative, B: TP weak, C: TP
positive) (x200)

Evaluation of angiogenesis

Findings of renal arteriography were classified into two groups
based on the classification described by Roosen et al. [27]: (1) hy-
pervascular group, strongly stained in the tumor equal to or greater
than 2/3, and (2) hypovascular group, stained in the tumor less
than 1/3. MVD stained immunohistochemically by anti-CD34
antibody was calculated by a light microscope under a 200x field
(ocular lens, 10x; object lens, 20x; and in a 0.7386 mm? field). MVD
of the tumor was classified into three grades: (1) grade 1, 0-50
microvessels per field, (2) grade 2, 51-100 microvessels per field,
and (3) grade 3, more than 100 microvessels per field. The staining
of vessels in the stroma outside the tumor was used as a positive
control and a staining with an irrelevant mouse IgG was performed
routinely as a negative control. MVD measurement was conducted
by a physician who had no information on the patients.

Statistics

For statistical analysis, we used statistical software, StatView-J 4.1
(Abacus Concepts, Inc., Berkeley, CA, USA). Fisher’s exact prob-
ability test and chi-square test were used to assess correlation, and
Cox’s proportional hazard model was used for multivariate anal-
ysis. The Kaplan-Meier test was used to calculate the survival rate
and we also conducted a significance test based on the log-rank test.
Survival periods were defined based on postoperative periods.
Statistical significance was designated at P < 0.05.

Results

Correlation between TP expression
and clinicopathologic factors

TP expression was observed in both RCC cytoplasm and
nucleus (Fig. 1). TP expression revealed heterogeneity in
all 56 patients: 11 (19.6%) negative, 28 (50.0%) weak,
and 17 (30.4%) positive (Table 1). Regarding the tumor
growth pattern, there was no staining or negative results
in the chromophobe type (two patients) which had been
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Table 1 Relationships between thymidine phosphorylase (7'P) expression and clinicopathological factors (INF infiltration, NS not sig-

nificant)
Factor Patients TP expression P value®
(n)
Negative (n = 11) Weak (n = 28) Positive (n = 17)
Sex
Male 46 g® (17.4% 23 (50.0) 15 (32.6) NS
Female 10 3 (30.0) 5 (50.0) 2 (20.0)
Age
<65 years 39 10 (25.6) 21 (53.8) 8 (20.5) <0.05
>65 years 17 1 (0.6) 7 (41.2) 9 (52.9)
Arteriography®
Hypovascular 14 3 (21.4) 4 (28.6) 7 (50.0) NS
Hypervascular 40 8 (20.0) 22 (55.0) 10 (25.0)
Unknown 2 0 (0.0) 2 (100.0) 0 (0.0)
Growth pattern
Alveolar 16 4 (25.0) 6 (37.5) 6 (37.5) NS
Papillary 14 1 (7.0) 10 (71.4) 3 (21.4)
Tubular 5 2 (40.0) 2 (40.0) 1 (20.0)
Others 21 4 (19.0) 10 (47.6) 7 (33.3)
Cell type
Clear cell 30 7 (23.3) 9 (63.3) 4 (13.3) <0.05
Mixed 9 2 (22.2) 3 (33.3) 4 (44.4)
Granular 8 0 (0.0) 5 (62.5) 3 (37.5)
Others 9 2 (22.2) 1 (11.1) 6 (66.7)
Tumor grade
1 17 4 (23.5) 13 (76.5) 0 (0.0) <0.05
2+3 39 7 (17.9) 15 (38.5) 17 (43.6)
INF
INFo 34 7 (20.6) 20 (58.8) 7 (20.6) NS
INFp + INFy 22 4 (18.2) 8 (36.4) 10 (45.4)
pT
pTl1 + pT2 35 8 (22.9) 8 (51.4) 9 (25.7) NS
pT3 + pT4 21 3 (14.3) 10 (47.6) 8 (38.1)
pN
pNO 41 9 (22.0) 19 (46.3) 13 31.7) NS
pNI1 + pN2 3 0 (0.0) 2 (66.7) 1 (33.3)
PNy 12 2 (18.1) 7 (63.6) 3 (27.2)
Distant metastasis
MO 42 10 (23.8) 23 (54.8) 9 (21.4) <0.05
Ml 14 1 (7.0) 5 (35.7) 8 (57.1)
Venous involvement
pVO 36 10 (27.7) 19 (52.8) 7 (19.4) <0.05
pVIl + pV2 20 1 (5.0) 9 (45.0) 10 (50.0)
MVD
Grade 1 32 4 (12.5) 18 (56.3) 10 (31.3) NS
Grade 2 17 6 (35.3) 6 (35.3) 5 (29.4)
Grade 3 7 1 (14.3) 4 (57.1) 2 (28.6)

4 Chi-square test

> Number of patients

¢ Percentage

4 Classified according to Roosen’s classification

classified into the other group (Fig. 2). Factors showing
significant correlation with TP expression were patient
age, tumor cell type, tumor grade, distant metastasis,
and venous involvement. There was no correlation
between TP expression, angiogenesis evaluated by renal
arteriography findings, or MVD. We also examined the
correlation between MVD and renal arteriography
findings and other clinicopathologic factors, but none
showed a correlation. (data not shown).

Correlation between survival
and clinicopathologic factors

We used univariate analysis to examine correlation
between survival and various clinicopathologic factors
in RCC. Figure 3 shows survival curves with three
groups classified according to TP expression, indicating
S-year survival rates of 100% for the TP negative group
(n=11), 83% for the TP weak group (n = 28), and 43%
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Fig. 2 Hematoxylin and
eosin staining (A) and
immunohistochemical stain-
ing for TP (B) of chromo-
phobe renal cell carcinoma
(RCC) (x200) No thymidine
phosphorylase expression
was shown in chromophobe
RCC

1 1 1 T 1
0 50 100 150 200
Months after radical nephrectomy

Fig. 3 Overall survival curves according to thymidine phosphorylase
(TP) expression level in renal cell carcinoma (RCC) patients. Survival
was estimated by the Kaplan-Meier method and the log-rank test was
used to compare the survival between patients with negative TP
expression (dotted line), those with weak TP expression (thin line), and
those with positive TP expression (thick line). *P < 0.05 as compared
to patients with negative TP expression

(n = 17) for the TP positive patients. Survival was cor-
related closely with TP expression, patient age, INF,
pathologic T- and N-stages, distant metastasis, venous
involvement, and tumor grade (Table 2). There was no
significant correlation between survival and factors in-
cluding angiogenesis evaluated by renal arteriography
findings and MVD, IFN therapy, and tumor growth
pattern.

We conducted multivariate analysis using Cox’s
proportional hazard model to assess TP expression,
MVD, and other clinicopathologic factors such as
prognostic factors. For the analysis of the data, TP ex-
pression in tumor cells was divided into two groups: one

was negative and weak, and the other was the positive
group described above. Results showed that five factors
— pathologic T-stage, distant metastasis, tumor grade,
INF, and TP expression — were prognostic factors
(Table 3). Chromophobe-type patients in our study with
no TP expression are still alive without recurrence.

Discussion

The present study, investigating TP expression and
clinicopathologic factors including angiogenesis, found:
(1) a correlation between TP expression and tumor
grade, distant metastasis, venous involvement, and pa-
tient age, but (2) no correlation between TP expression,
MVD, and renal arteriography. However, Imazono
et al., studying 133 RCC patients, reported TP expres-
sion had nine times higher activity in the tumor than in
normal tissue, indicating a significant correlation be-
tween TP expression and MVD as well as tumor grade
[11]. The discrepancy may result from different surface
markers for the vascular endothelium used to count the
microvessels. Imazono et al. [11] used the Factor-VIII-
related antigen (von Willebrand factor) marker for
MVD count, while we used a CD34 marker. CD34 is
reportedly a better surface marker for vascular endo-
thelium, qualitatively and quantitatively, than Factor-
VIlI-related antigen [37]. For example, when CD34 gives
positive results, Factor-VIII-related antigen can give
false weak positive or negative results. Thus, results
from these markers will not always coincide [37]. Other
factors which might contribute to the discrepancy in-
clude anti-TP antibody used and the number of patients
examined. Furthermore, angiogenic factors in RCC re-
portedly include basic fibroblast growth factor (bFGF),
placenta growth factor (PIGF), and vascular endothelial
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Table 2 Prognostic factors in

univariate analysis (IFN Factor Category P value

interferon, INF tumor

infiltration type, TP thymidine Age (65 years vs. > 65 years) 0.0019

phosphorylase, MVD Sex (Male vs. female) 0.8386

microvessel density) IFN therapy (Yes vs. no) 0.3479
INF (INFx vs. INFB + INFy) <0.0001
pT (pT1 + pT2 vs. pT3 + pT4) <0.0001
pN (pNO vs. pN1 + pN2) 0.0047
Distant metastasis (MO vs. M1) <0.0001
pV (pVo vs. pVI + pV2) <0.0001
Tumor grade (Grade 1 vs. grade 2 + 3) 0.0051
TP expression (Negative vs. weak vs. positive) 0.0011
Arteriography (Hypovascular vs. hypervascular) 0.8302
Growth pattern (Alveolar vs. papillary vs. tubular vs. others) 0.4429
Cell type (Clear cell vs. mixed vs. granular vs. others) 0.0432
MVD (Grade 1 vs. grade 2 vs. grade 3) 0.1122

Table 3 Prognostic factors in )

multivariate analysis (HR Factor Category P value HR (95% CI)

ﬁfﬁiﬁl;ano’ Cf confidence e (<65 years vs. > 65 years) 0.5669 0.682 (0.184-2.531)
INF (INFa vs. INFB + INFy) 0.0109 11.099 (1.739-70.8409)
pT (pT1 + pT2 vs. pT3 + pT4) 0.0173 98.839 (1.468-53.209)
pN (pNO vs. pN1 + pN2) 0.337 2.382 (0.405-14.015)
Distant metastasis (MO vs. M1) 0.0007 19.325 (3.461-107.912)
pV (pVo vs. pV1 + pV2) 0.9292 1.093 (0.154-7.734)
Tumor grade (Grade 1 vs. grade 2 + 3) 0.0216 84.085 (1.919-3684.5769)
TP expression (Negative + weak vs. positive) 0.0295 0.224 (0.054-0.929)

growth factor (VEGF) [4, 23, 32]. The present result of
no correlation between TP expression and MVD suggests
that factors other than TP are more closely related to
angiogenesis in RCC. This needs further investigation.

Clinicopathologic factors possibly related to RCC
prognosis reportedly include tumor size [8, 17], tumor
growth pattern type, tumor cell type [17], tumor grade
[17, 26, 27, 30], pathologic N-stage, as well as distant
metastasis [8, 30], pathologic stage [8, 17, 30], and ery-
throcyte sedimentation rate (ESR)/alkaline phosphatase
(ALP) [27].

In the present study, there was a significant correla-
tion between survival and pathologic T-stage, distant
metastasis, tumor grade, tumor infiltration type, and TP
expression, but no correlation between survival, MVD,
and angiogenesis on renal arteriography. Imazono et al.
reported TP expression is an independent prognostic
factor in RCC [11], which has been supported by our
results.

Regarding prognosis and angiogenesis in RCC,
reports show that MVD is an independent prognostic
factor [24], MVD is a risk factor for distant metastasis
[40], no correlation between MVD and survival [11], a
vascular supply, and extension of the tumor on arteri-
ography is significantly correlated with survival [15],
whereas an increase in tumor vascularity (renal arteri-
ography) is not a risk factor for prognosis [27] and not
correlated with survival [2]. In the present study, there
was no correlation between angiogenesis and survival,
and we believe that the correlation between survival
and angiogenesis by histologic examination or renal
arteriography is still unclear. Chromophobe-type RCC

patients predominantly show low stages and grades with
good prognosis [3]; two patients in our study are alive
without a postoperative recurrence. These two patients,
with no TP expression, support our results that TP
expression is an independent prognostic factor in RCC.

In conclusion, TP expression in RCC tumor tissue is
thought to have clinical significance as an independent
prognostic factor rather than just an index for angio-
genesis. Besides being an angiogenic factor, TP report-
edly plays an important role as a metabolic enzyme for
fluoropyrimidine, mainly 5-fluorouracil (5-FU), doxi-
fluridine (5’-DFUR), and capecitabine [5, 12, 18]. Re-
cently, a therapeutically improved, effective agent for
RCC is combined chemotherapy with 5-FU, IFN-qa,
and/or interleukin-2 [10]. We also reported IFN-en-
hanced TP expression results in increased sensitivity to
5-FU, a result of so-called biomodulation which was
more frequently observed in patients with higher TP
expression [22]. This suggests evaluation of TP expres-
sion may be useful for selecting those RCC patients
expected to benefit most from biomodulation with
chemoimmunotherapy.
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