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A B S T R A C T

Contrary findings exist according to the prognostic and predictive impact of thymidine

phosphorylase (TP) expression in breast cancer. Goal of our study was to investigate TP

expression on the mRNA level by microarray analysis in a large cohort of 1781 breast can-

cers and to analyse its prognostic impact. Furthermore we compared mRNA expression and

immunohistochemical data to explain discrepancies between different studies.

The prognostic value of TP mRNA expression was analysed among n = 622 untreated

patients. Strong expression in the subgroup of n = 213 ER-negative cancer correlates with

improved survival (P = 0.012). In contrast, no difference in survival was detected in the

ER-positive group. We also failed to observe a prognostic value of TP mRNA among

n = 435 endocrine-treated patients as well as n = 111 CMF-treated patients.

In an unsupervised analysis, TP clustered together with genes expressed in immune

cells. Moreover, among normal tissues the highest TP mRNA expression was found in tis-

sues of the immune system. The profile of TP expression in breast cancers correlates to a

metagene of interferon induction whereas the expression of TP among normal tissues cor-

relates to a metagene for macrophages. When comparing microarray data with immuno-

histochemistry from the same n = 51 samples, there was no correlation with stained

carcinoma cells. In contrast, the correlation with stromal staining was highly significant

(P < 0.001). Thus TP mRNA from microarray mainly reflects expression in stromal and

immune cells. This could account for discrepant results from mRNA and IHC studies.

In conclusion, the tumour infiltrating immune cells seem to be a major source of TP

expression and predict a favourable prognosis in ER-negative breast cancer. Our data point

to a role of TP in host immune response.

� 2009 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction

Thymidine phosphorylase (TP) catalyses the phosphorylation

of thymidine and 2 0-deoxyuridine to their respective bases

and 2-a-deoxyribose-1-phosphate.1 The enzyme is also

known as platelet-derived endothelial cell growth factor

(PD-ECGF) and has been reported to play a role in tumour

growth and invasion. TP expression in various solid tumours

is elevated compared to that in the adjacent non-neoplastic

tissue components.2 Furthermore the protein seems to have

angiogenic properties but the precise mechanisms through

which it promotes neoangiogenesis are still not fully eluci-

dated. Mechanistically these properties suggest that a high

TP expression may rather predict a poor outcome (reviewed

in 3). On the other hand, this enzyme has been studied for

its role in the treatment with fluoropyrimidine-containing

chemotherapy. TP is involved in the conversion of 5FU to

FdUMP, which finally leads to DNA damage. Therefore, a high

TP expression may predict a good response to treatment. Be-

cause of this dual role of TP it is difficult to assess the contra-

dictory results regarding a prognostic and/or predictive effect

of this enzyme in different studies of 5FU-containing chemo-

therapy (reviewed in 3). A more simple case might be the

treatment with capecitabine since TP seems to be a rate-lim-

iting factor in one of the steps in the capecitabine pathway
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(conversion of 5 0-DFUR to the active compound 5FU).4 Cape-

citabine was actually designed to take advantage of the in-

creased levels of TP observed in tumours as opposed to

normal tissues, potentially allowing for selective toxicity in

tumours.5 However, even for the response to capecitabine

treatment conflicting results were obtained regarding a posi-

tive predictive value of TP expression.6–10 Some of these con-

trary findings could also be related to different applied

methodologies. E.g. in breast cancer several immunohisto-

chemical studies observed a benefit for patients with high

TP expression11–13 while other authors analysing mRNA

expression failed to detect differences in prognosis.14,15

The aim of our study was to investigate the TP expression

on the mRNA level in a large cohort of 1781 breast cancers and

to analyse its prognostic impact. Furthermore we compared

mRNA expression and immunohistochemical data to explain

discrepancies between different studies.

2. Materials and methods

2.1. Microarray data analysis

A large series of Affymetrix U133A microarray datasets from

several studies including a total of 1781 primary breast cancer

samples was assembled as we have previously described.16
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Datasets from the following studies were included: Uppsala,17

Oxford-Untreated,18 Stockholm,19 New York,20 London,21 Rot-

terdam,22 Oxford-Tamoxifen and Villejuif,23 ExpO,24

MDA133,25 and Frankfurt-1/2.26–28 Characteristics of the indi-

vidual datasets are presented in Supplementary Table 1. ER,

PgR and HER2/neu status were determined from microarray

using cutoffs derived from fitting two distributions to the data

as we have recently described.29 Two different Affymetrix

Probesets for TP are available on the HGU133A microarray

(204858_s_at and 217497_at). Since Probeset 217497_at dis-

played only weak signal intensities (see Supplementary

Fig. S1) and we observed poor concordance with Probesets

204858_s_at especially for lower expression values, the Probe-

set 204858_s_at was selected for analyses. Microarray data

from benign breast samples were obtained from Chen et al.30

2.2. Comparison of microarray data and
immunohistochemistry of breast cancer samples from the
Frankfurt cohort

Tissue samples of invasive breast cancer cases were obtained

with institutional review board approval and informed con-

sent from consecutive patients undergoing surgical treatment

between December 1996 and July 2007 at the Department of

Gynecology and Obstetrics at the Goethe-University in Frank-

furt/M. Tissue samples from the same tumour were stored

both in liquid nitrogen and in formalin-fixed paraffin-embed-

ded blocks. Samples were characterised according to standard

pathology including the oestrogen receptor status by ligand-

binding assays or immunohistochemistry (IHC). Isolation of

RNA and expression profiling using Affymetrix Human Gen-

ome U133A microarrays were performed as described else-

where.26,28 Specimens from the Frankfurt cohort with high

or low thymidine phosphorylase mRNA expression, respec-

tively, were identified and further investigated using immu-

nohistochemistry. Paraffin sections (1 lm) were mounted on

Superfrost Plus� slides, dewaxed in xylene and rehydrated

through graduated ethanol to water. Antigens were retrieved

in a pressure cooker (10 mM citrate buffer; pH 6.0; for 35 s).
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We used a monoclonal anti-TP antibody (clone PG44c, 1:100

diluted in antibody dilution buffer from DCS-Diagnostics,

Hamburg, Germany).11 Sections were incubated with antibod-

ies for 1 h at room temperature. For negative controls, the pri-

mary antibodies were replaced with PBS. For detection, the

Dako REAL EnVision� Detection System Peroxidase/DAB+

Rabbit/Mouse (Dako, Danmark) was used following the proto-

col of the supplier and sections were counterstained with

haematoxylin solution, Gill No. 3 (Sigma). Expression levels

were scored semi-quantitatively based on staining intensity

and were classified as negative, weak, moderate and strong.

Additionally, the percentage of positive cells was assigned

stepwise in 5% steps. Negative control slides without antibody

were included for each staining. Stained tumour tissues were

scored blindly with respect to clinical and gene expression

data.

2.3. Statistical analysis

Survival intervals were measured from the time of surgery to

the time of death from disease or of the first clinical or radio-

graphic evidence of disease recurrence. Data for women in

whom the envisaged end point was not reached were cen-

sored as of the last follow-up date or at 120 months. We con-

structed Kaplan–Meier curves of disease-free survival and

used the log rank test to determine the univariate significance

of the variables. The Jonckheere-Terpstra-Test was used to

determine if a high lymphocyte infiltration (LI) score corre-

lates with higher thymidine phosphorylase expression. P val-

ues of less than 0.05 were considered to indicate a significant

result and all reported P values are two-sided.

3. Results

3.1. Prognostic value of TP mRNA expression in untreated
and adjuvant-treated breast cancer patients

To analyse the prognostic value of thymidine phosphorylase

mRNA expression, we used a database of Affymetrix
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microarrays of n = 1781 primary breast cancer samples which

we have previously described.16,29,31 For n = 1263 of the 1781

patients follow-up data were available. A detailed listing of

the contributing datsets is given in Supplementary Table 1.

To analyse the pure prognostic effect of TP expression only

the patients without treatment are recommended. Six hun-

dred and twenty-two of the patients with follow-up data did

not receive any adjuvant treatment, n = 409 of them were ER

positive and n = 213 ER negative. Kaplan–Meier analysis of dis-

ease-free survival (DFS) was performed separately for the ER-

positive and ER-negative breast cancers to avoid a confound-

ing effect of these different breast cancer subtypes. As shown

in Fig. 1, we observed no significant difference in DFS when a

median split according to expression values of thymidine

phosphorylase was applied.

Since TP is involved in the conversion of 5-fluorouracile

(5FU), high expression may be predictive for response to

5-FU-containing therapy. Hence, to evaluate a possible predic-

tive effect of TP, we next analysed patients which were
T
hy

m
id

in
e 

Ph
os

ph
or

yl
as

e 
(A

ff
ym

et
ri

x 
pr

ob
es

et
  2

04
85

8_
s_

at
)

1781 breast

STAT1  m

Dataset Fr
0.015

0.005

-0.005

T
hy

m
id

in
e 

Ph
os

ph
or

yl
as

e
(2

04
85

8_
s_

at
)

Fig. 3 – Correlation of thymidine phosphorylase mRNA expressi
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found in a large cluster of about 569 genes with functions in im

subclusters from this large gene cluster can be attributed to diffe
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phosphorylase mRNA expression and the STAT1 metagene corre

the Frankfurt dataset. ER-positive and ER-negative samples are

results from other datasets are shown in Supplementary Fig. S2

legend, the reader is referred to the web version of this article.)
treated with CMF (cyclophosphamide/methotrexate/5FU)

containing chemotherapy, though it is important to note that

these patients also received other drugs. A total of n = 111 pa-

tients of this type were available. No difference in survival

among these patients according to median TP expression

was observed (P = 0.65 for n = 70 ER positive; P = 0.88 for

n = 41 ER negative; P = 0.86 for all; not shown).

To more precisely assess the clinical importance of TP

expression, we additionally stratified ER-positive and ER-neg-

ative tumours into four quartiles according to TP mRNA

expression, respectively. Kaplan–Meier analyses of disease-

free survival of the different subgroups were performed

among the n = 622 patients with no adjuvant treatment. As

shown in Fig. 2A, we observed no significant difference in

prognosis according to quartiles of TP mRNA expression

among the n = 409 untreated ER-positive tumours. In contrast,

among the n = 213 ER-negative cancers the samples with the

highest TP mRNA expression (upper quartile) displayed a sig-

nificant better prognosis than the rest of the samples
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(P = 0.012, Fig. 2B). The number of samples with adjuvant CMF

treatment was too small to evaluate the predictive value of TP

using quartile splits.

The observed results on the prognostic value of thymidine

phosphorylase are in contrast to previous reports of a poor

prognosis of tumours with high TP expression in cancer

cells32–36 as well as a predictive value of TP for CMF treat-

ment.11,12 One possible explanation for these discrepancies

might be confounding effects of different cell types contribut-

ing to the mRNA expression of thymidine phosphorylase in

the bulk tumour sample. Immunohistochemical studies have

indicated the expression of TP besides carcinoma cells in sev-

eral other stromal cell types such as fibroblasts, macrophages,

endothelial cells and lymphocytes.32,37,38

3.2. TP mRNA expression in breast cancers correlates with
markers of immune cells

To elucidate the source of TP mRNA expression we performed

an unsupervised clustering of all 22,283 genes from the

microarrays in our breast cancer dataset. Thymidine phos-

phorylase clustered together with a large set of about 600

genes with functions in immune cells as shown in Fig. 3A.

We recently described the ‘immune cell gene cluster’ and devel-

oped seven metagenes (IFN, IgG, STAT1, MHC-Class-I, MHC-

Class-II, HCK and LCK) that correlate with the amount of dif-

ferent types of infiltrating immune cells in breast cancer.16

We observed the strongest correlation of thymidine phos-

phorylase with the STAT1 metagene (exemplified for dataset

Frankfurt in Fig. 3B and for additional datasets in Supplemen-

tary Fig. S2) which represents a series of interferon-inducible

genes.
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expression on microarray
(Probeset 204858_s_at)
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MHC-II
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Immune cell 
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Fig. 4 – Comparison of immune cell metagenes and TP expressio

profiles of seven immune cell metagenes16 (A) are compared to t

44 tissues related to the immune system. TP displayed the high

represents a variety of markers specific for macrophages, mono

Details on samples are given in Supplementary Table 2. (For inter

reader is referred to the web version of this article.)
Moreover, the TP expression was also commonly associ-

ated with immune cells when analysing 79 non-malignant

tissues using publicly available microarray data.39 Among

the normal samples with the highest TP expression more

than half (8/15) corresponded to cells and tissues of the im-

mune system (monocytes, myeloid cells, dendritic cells, NK

cells, whole blood, tonsil, lymph node, thymus; see Supple-

mentary Fig. S4). The highest expression of TP was observed

in cells of the myeloid lineage like monocytes/macrophages

and dendritic cells (Supplementary Fig. S5). In Fig. 4, the

expression of the immune cell metagenes is compared to

the TP profile among 44 immune system-related tissues. In

this analysis, TP displayed the highest concordance to the

HCK metagene. This metagene represents a variety of mark-

ers specific for macrophages and monocytes.16 These results

of TP mRNA expression among normal tissues were also val-

idated on the protein level with immunohistochemical tissue

microarray (TMA) data from the Human Antibody Initiative

(http://www.proteinatlas.org40) (data not shown).

We next analysed, if the expression of thymidine phos-

phorylase detected by microarray correlated with the lym-

phocyte infiltration (LI) score of tumours as detected by the

microscopic evaluation. We used two independent microarray

datasets from London and Villejuif which are publicly avail-

able (GSE7390)23 encompassing n = 80 samples with informa-

tion on the LI score. A trend for a positive correlation of

thymidine phosphorylase expression detected by microarray

with the lymphocyte infiltration score was observed

(P = 0.055, Jonckheere-Terpstra-Test; Supplementary Fig. S3).

Taken together our results suggest that the mRNA expression

signal of thymidine phosphorylase detected by microarray in

breast cancer samples could originate from infiltrating im-
dendritic  cells

thymus, tonsils, 
lymph node

n profile among immune system related tissues. Expression

he expression profile of thymidine phosphorylase (B) among

est concordance to the HCK metagene. This metagene

cytes and other cells of the myeloid lineage of blood cells.

pretation of the references to colour in this figure legend, the
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mune cells. Alternatively the infiltrating immune cells might

also induce thymidine phosphorylase expression in the carci-

noma cells themselves.

3.3. Comparison of TP mRNA expression and
immunohistochemistry in breast cancers

To compare microarray-based mRNA expression and immu-

nohistochemistry data, we analysed n = 51 samples from

our Frankfurt cohort using a monoclonal antibody against
Fig. 5 – Immunohistochemical analysis of TP expression in

breast cancer samples. (A) Sample with intensive cytoplas-

mic and nuclear staining of tumour cells as well as stromal

staining. (B) Sample without staining of tumour cells but

moderate staining of stroma (fibroblasts, macrophages and

endothelial cells). (c) Sample with weak staining of tumour

cells but strong staining of tumour-associated macro-

phages. Scale bars for all three pictures are 100 lm.
TP.11 The samples were blindly analysed by immunohisto-

chemistry and the percentage of stained carcinoma cells

was recorded. As shown in Fig. 5A, strong cytoplasmic and

nuclear TP staining of tumour cells were observed in some

samples. In contrast, in other samples tumour cells showed

no staining for TP (Fig. 5B). However, in all specimens we ob-

served a stromal staining to a variable degree in macrophages

as well as in endothelial cells and fibroblasts (Fig. 5B and C). In

scatter plot analysis (Fig. 6), we observed no correlation when

comparing mRNA expression from microarray with the per-

centage of stained carcinoma cells based on immunohisto-

chemistry. On the other hand, samples with a strong

stromal staining (represented by red triangles in Fig. 6) often

displayed high mRNA expression values on microarray. When

dichotomising the samples into positive versus negative

based on the percentage of stained tumour cells, no signifi-

cant difference in mRNA expression was observed (Mann–

Whitney U test; Supplementary Fig. S6B). In contrast, a highly

significant difference (P < 0.001; Supplementary Fig. S6C) was

observed between those samples with strong or weak stromal

staining for TP. These results suggest that stromal cells in the

tumour seem to be the major source of mRNA expression de-

tected by microarray.
4. Discussion

A dual role for thymidin phosphorylase (TP) in cancer has

been supposed.1 On the one hand TP might stimulate tumor

growth and on the other hand TP may play a role in the acti-

vation of fluoropyrimidine containing chemotherapy.3 This

may account for some of the conflicting results reported on

the prognostic/predictive value of TP in breast and colon

cancer.

When analysing microarray data from untreated breast

cancer patients we failed to detect significant differences in

prognosis using a median split according to TP mRNA expres-

sion. Similar results were obtained among n = 435 ER-positive

patients which were treated solely with endocrine therapy

(not shown). In a more detailed analysis applying quartiles

for stratification a favourable prognosis only in the subgroup

of ER-negative cancers of the samples with the highest TP

expression was observed. These results are in contrast to pre-

vious reports of a poor prognosis of tumours with high TP

expression in cancer cells.32–36 Different methods of TP detec-

tion (mRNA versus IHC) might account for these discrepan-

cies since other studies on the mRNA level also failed to

detect differences in prognosis.14,15 In addition to cancer cells

we detected TP expression by IHC in stromal endothelial cells,

monocytes and macrophages. This is in line with many other

reports of TP expression in tumour stroma in breast can-

cer2,10,11,13,41,42 and other tumour types.32,37,38 Interestingly,

some reports point to a favourable prognosis of cancers dis-

playing strong TP expression in stromal cells like

macrophages.43,37

In a previous study, we developed seven metagenes that

can serve as markers for certain immune cell populations16

in the tumour. In our breast cancer microarray dataset thymi-

dine phosphorylase displayed the strongest correlation with

the ‘STAT1 metagene’ (exemplified for dataset Frankfurt in
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Fig. 3), which represents a series of interferon-inducible

genes. Among normal immune system related tissues TP dis-

played the highest concordance to the ‘HCK metagene’ (Fig. 4).

This metagene represents a variety of markers specific for

macrophages, monocytes and other cells of the myeloid line-

age of blood cells. These data suggest a functional role of TP

in different cells of the immune system and are supported

by earlier immunohistochemical work.38,44,45 When we com-

pared TP microarray and IHC data from the same tumours

we found no correlation of TP mRNA expression with the per-

centage of stained carcinoma cells (Supplementary Fig. S6B).

In contrast, the difference between samples with strong or

weak stromal staining was highly significant (P < 0.001; Sup-

plementary Fig. S6C). All these results suggest that stromal

cells seem to be the major source of TP mRNA expression de-

tected by microarray analysis of bulk breast tumours. How-

ever it is important to note that the observed TP expression

seem to result from stromal cells within the tumour and

not from confounding benign tissue. As shown in Supple-

mentary Fig. S7, the mRNA expression of TP in benign tissue

is rather low. So for example different methods of biopsy col-

lection should not account for the observed differences in TP

mRNA expression.

We and others have recently shown that high amounts of

stromal immune cells in tumours as detected by their specific

metagene mRNA profiles as well as conventional methods

identify patients with a good prognosis in ER-negative and

HER2-positive cancers.16,46–49 These data are highly important

since all the available prognostic gene signatures do only

work in the subset of ER-positive breast cancers.50 Thus

new prognostic markers were urgently needed for the ER-neg-

ative and HER2-positive subtypes. Moreover the presence of

stromal immune cells even seems to allow the prediction of
response to neoadjuvant chemotherapy.16,51 TP mRNA

expression by microarray strongly correlated with the ‘im-

mune cell gene cluster’ (Fig. 3). In line with this observation a

favourable prognosis was observed for those samples with

the highest TP expression among the untreated ER-negative

tumours (Fig. 2B). Regarding a potential predictive value how-

ever the number of samples in this subgroups with adjuvant

CMF treatment in our study was too small (n = 3 events) for

a sound statistical analysis (not shown). In addition, there

are no microarray data available from a cohort with capecita-

bine treatment which would be an important topic of future

work.

In conclusion, our study demonstrates that mRNA from

particular genes like TP can represent non-neoplastic cells

and limit their prognostic and predictive utilities when mea-

sured in a microarray dataset as compared to immunohisto-

chemical detection. On the other hand, these methods can

allow precise quantitation and averaging over larger numbers

of cells. Thus both techniques could complement each other

in prospective studies on predictive biomarkers for capecita-

bine treatment.
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