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Abstract. Thymidine kinase 1 (Tk1) is an enzyme involved in 
the synthesis of dna precursors. in studies using immuno-
histochemistry, it was reported to be a more useful proliferation 
marker than ki-67 and Pcna in breast, lung and colorectal 
carcinoma. in this study, we extend the work of prior breast 
carcinoma studies by investigating the expression of Tk1 in 
132 patients with usual ductal hyperplasia (udH), atypical 
ductal hyperplasia (adH), ductal carcinoma in situ (dciS) and 
invasive ductal carcinoma (idc). Tk1 and ki-67 expression 
were determined with monoclonal antibodies using the SP 
technique. The expression of TK1 was found to be significantly 
increased in the breast ductal carcinomas in the following 
manner: udH<adH<dciS<idc. Tk1 expression was cor-
related with histological grade in dciS and idc patients and 
with pathological stage in idc patients. The degree of Tk1-
positive staining in the tumors of patients with adH, dciS 
and idc was 80-90%, while the corresponding value for udH 
patients was less than 5%. Tk1 and ki-67 expression showed 
very high correlation in the four tumor groups investigated. 
Since the expression of TK1 varied significantly between the 
breast ductal subgroups, we concluded that Tk1 is a reliable 
proliferation marker for the determination of breast tumor 
proliferation, particularly of pre-cancerous lesions (adH). 

This may enable timely treatment in the early stages of tumor 
development using minimal access surgery, thus avoiding 
extensive radical breast surgery and improving survival rates 
and the quality of life.

Introduction

The efficiency of breast cancer treatments has improved 
drastically over the last decades. For example, neo-adjuvant 
pre-operative chemotherapy, in combination with radio-
therapy, endocrine and immunological treatments, results in 
a more effective therapy, reducing the risk of recurrence and 
improving survival rates and the quality of life (1-3). However, 
anti-cancer therapy is not yet highly effective, in particular 
in patients with later-stage breast cancer disease. Therefore, 
the development of methods suitable for the early detection of 
breast tumors is of high priority.

The detection of pre-cancerous lesions together with 
minimal access surgery is an effective cancer treatment 
strategy, and avoids extensive radical breast surgery. The use 
in health centers of regular breast cancer screening techniques, 
such as mammography and B-ultrasound, aids in the diagnosis 
of women with breast mass, while pathological examinations 
are used to identify benign tumors or pre-cancerous lesions. 
However, pathological examination does not determine the 
proliferation rate of breast tumors, and must therefore be 
combined with the use of proliferation markers.

in this study, we used regular breast cancer screening to 
identify patients with usual ductal hyperplasia (udH) and 
atypical ductal hyperplasia (adH), and investigated the expres-
sion of the proliferation markers thymidine kinase 1 (Tk1) 
and ki-67 in these patients. Tk1 and ki-67 expression were 
found to differ between the breast tumor samples, being low 
in UDH, significantly increased in ADH, and further elevated 
in ductal carcinoma in situ (dciS) and invasive ductal carci-
noma (idc). The pre-cancerous lesions also exhibited large 
individual variation in proliferation rate according to Tk1 and 
ki-67 expression. These results provide crucial information, 
and may serve as the basis for future treatment programs.
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Materials and methods

Patients and specimens. Breast cancer patients with udH 
(benign), adH (pre-malignant), dciS (primary) and idc were 
selected for the evaluation of Tk1 expression. Patients with 
udH (n=25) and adH (n=22) were diagnosed during regular 
breast cancer screening using mammography and B-ultrasound 
at the Health center of Shenzhen Second Hospital, Shenzhen, 
P.r. china, during 2007-2008. Specimens from women with 
breast mass were pathologically examined for the determination 
of udH or adH. Histopathologically normal breast ductal 
tissues (n=20) were collected from the udH patients far from 
the udH tissue and used as controls. Patients with idc (n=60) 
and dciS (n=25) were recruited at the Pathology department 
of Shenzhen Second Hospital during 2007-2008. The tumor 
grade and pathological stage of the idc and dciS specimens 
were determined according to the WHo tumor grading system 
and the aJcc cancer Staging System (4), respectively, and 
were as follows: idc grade 1, n=12; 2, n=34; 3, n=14. idc 
stage i, n=23; iia, n=19; iib, n=16; iiia, n=2. dciS grade 1, 
n=12; 2, n=11; 3, n=2. all dciS patients were of stage 0. Pre-
malignant ADH and flat epithelial atypia (FEA) were diagnosed 
according to the WHo recommendation (5). all patients gave 
their informed consent, and the study was performed in accor-
dance with the declaration of Helsinki of 1983.

Immunohistochemistry. Sections (4-µm thick) were prepared 
from formalin-fixed paraffin-embedded specimens by deparaf-
finization and rehydration. In order to unmask the TK1 activity 
in the tissue, the sections were incubated with Target retrieval 
solution (dako, copenhagen, denmark). Histochemical 
staining was carried out using the dako envision™ System 
according to the manufacturer's instructions. in brief, sections 
were incubated for 5 min using 3% H2o2 to block endogenous 
peroxidase activity. Non-specific binding sites were blocked 
by incubation with blocking buffer included in the envision 
kit. after incubation with the anti-Tk1 monoclonal antibody 
(mab) (800 X PBS dilution in 1 mg/ml; SSTk ltd., Shenzhen, 
P.R. China) or anti-Ki-67 mAb (40X PBS dilution in 1 µg/ml, 
MiB-1, 50 mg igg1/l; dako) for 2 h at room temperature, 
the sections were rinsed in PBS. envision conjugate was 
added, then the sections were incubated for 40 min at room 
temperature. diaminobenzidine was used as a chromogen, 
and the slides were counterstained with haematoxylin. in order 
to evaluate the specificity of the mAb in the tumor tissues, 
normal tissues were also stained. no staining was found in 
normal tissues from nine out of ten patients. immunostaining 
of Tk1-positive and Tk1-negative human lymphoma ceM 
cells was performed as described for the tumor tissues, except 
that the CEM cells were fixed in aceton.

Evaluation of immunohistochemistry. Tk1-positive cells 
in each tissue section were counted among ≥1000 cells in 
≥10 microscopic fields at a magnification of x200-400, and 
expressed as the percentage of stained cells.

Production and characterization of anti-thymidine kinase 1 
monoclonal antibody. mab against Tk1 was produced in 
mice as described elsewere (gasparri F et al, euro J cell 
Biol, in press). Briefly, female Balb/c mice were immunized 

with a 31-mer peptide corresponding to the carboxyl-terminal 
end of Tk1 at the laboratory of Biochemistry and Molecular 
Biology, School of life Science, yunnan university, kunming, 
P.r. china, for SSTk ltd. Splenocytes were isolated and 
fused with the mouse myeloma cell line SP 2/0. Hybridomas 
were selected by screening the supernatants in eliSa plates 
coated with the 31-mer peptide. To characterize the specificity 
of the anti-Tk1 antibody, cytochemical staining of ceM Tk1-
positive and -negative cells (6) and native Page electrophoresis 
(6,7) were performed as previously described.

The human lymphoma ceM cell lines, generously provided 
by B. ullman (oregon Health Science university, or, uSa) 
(8), were characterized as Tk1+ wild-type (Tk1+ ceM) or 
Tk1-negative (Tk1- ceM). The latter were selected for bromo-
deoxyuridine resistance. cells were cultured as previously 
described (6), lysed in lysis buffer [10 mM Tris, 137 mM 
nacl, 250 mM sucrose, 1.5 mM Mgcl2, 3.5 mM naF, 2 mM 
dithiothreitol (DTT), 1 mM phenylmethylsulfonyl fluoride 
(PMSF), 0.05% NP-40] for 30 min at 4˚C, then centrifuged at 
48,000 x g for 30 min at 4˚C. The supernatant was stored at 
-70˚C after the addition of 20% (v/v) glycerol.

For native PAGE, 20 µg of lysates from TK1+ ceM and 
Tk1- ceM cells were respectively added to an equal volume 
of non-denaturing sample buffer (125 mM Tris, 137 mM nacl, 
20% glycerol, pH 8.8) and then directly applied to a 4-10% 
native Page gradient gel (6,7). electrophoresis was performed 
according to the manufacturer's protocol (Bio-rad, uSa).

Statistical analysis. The mean values of Tk1 were calculated 
using a mean and standard deviation program. The Student's 
t-test was used to calculate the statistical significance between 
groups of patients. Differences were considered significant at 
p-values <0.05.

Results

Characterization of anti-thymidine kinase 1 monoclonal 
antibody. The 31 peptide anti-Tk1 mab was characterized 
by immunohistochemical staining of Tk1- ceM and Tk1+ 
ceM cells (Fig. 1) and by native Western blot analysis (Fig. 
2). While the Tk1+ ceM cells were stained by the Tk1 mab, 
no or very weak staining was found in the Tk1- ceM cells 
(Fig. 1a and B). native gel electrophoresis of cell extract from 
the Tk1+ and Tk1- ceM cells revelead a strong band from 
the Tk1+ cells, but no band from the Tk1- cells. Thus, this 
anti-TK1 mAb appears to be highly specific and useful in 
immunohistochemical experiments.

Characterization of histochemical staining of normal, benign 
and malignant breast tissues with anti-thymidine kinase 1 
and Ki-67 monoclonal antibodies. The results of Tk1 and 
ki-67 immunostaining are shown in Fig. 1. cells from normal 
breast tissues showed negative or weak staining for Tk1 and 
ki-67 (Fig. 1c and d). in the udH sections, few cells were 
stained. Tk1 staining was apparent in the cytoplasm, while 
ki-67 staining was located in the nucleus (Fig. 1e and F). The 
degree of staining in breast ductal carcinoma tissues increased 
from adc patients (Fig. 1g and H), through to dciS patients 
(Fig. 1i and J) and on to patients with idc (Fig. 1k and l). 
Tk1 staining was located mainly in the cytoplasm, but was 
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also observed in the nucleus of some cells. as expected, ki-67 
staining was located in the nucleus.

Expression of thymidine kinase 1 and Ki-67 in normal tis-
sues, benign tumors and ductal carcinomas. Tk1 expression 
is presented on a per cell basis and gives the percentage of 
tumor cells stained in relation to total number of tumor cells. 
This makes it possible to determine differences in Tk1 expres-
sion between various tumor groups. The results are shown in 
Fig. 3 and Table i. The expression of Tk1 in the normal breast 
tissues was less than 1%, while the mean Tk1 expression of 
the UDH was significantly higher (3.3±1.4%). The mean TK1 
expression of the ADH tumors was 8.6±2.8%, significantly 

different compared to Tk1 expression in udH (p<0.001). no 
difference in Tk1 expression was found between adH and 
Fea types of pre-malignant tumors (data not shown). The 
mean TK1 expression increased significantly when patients 
with adH developed into dciS (20±14%) and further to idc 
(29.1±21.4%). A level of TK1 expression of >5% resulted in 
identification of 80-90% of TK1-positive patients with ADH, 
dciS and idc, while the udH patients were positive in 10% 
of the cases. No significantly difference in the levels of expres-
sion of Tk1 and ki-67 was found among the four different 
groups of breast tumors in this study (Table ii).

Figure 1. immunohistochemical staining of ceM+ (a) and ceM- (B) cells, and of normal (c, Tk1; d, ki-67), benign udH (e, Tk1; F, ki-67), pre-malignant 
adH (g, Tk1; H, ki-67), primary dciS (i, Tk1; J, ki-67) and idc (k, Tk1; l, ki-67) breast tissues.

Figure 2. native Page Western blot analysis with Tk1 mab of cell extracts 
from ceM+ and ceM- cells. 

Figure 3. expression of Tk1 in benign udH, pre-malignant adH, primary 
dciS and idc breast tissues. Tk1 expression is presented as the percentage 
of stained tumor cells. values are the mean ± Sd.
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Expression of thymidine kinase 1 and Ki-67 in relation to 
tumor grade and stage of DCIS and IDC patients. There was a 
significant increase in TK1 expression from grade 1 to grade 3 
in the dciS patients (Fig. 4, Table ii), as well as in the idc 
patients (Fig. 5, Tables iii and iv). additionally, in the idc 
patients, a correlation was observed between stage and Tk1 
expression, although the overlap between stages was extensive 
(Fig. 5, Tables III and IV). However, there was a significant 
increase in the mean expression of Tk1 from stage i to stage iia 
(p=0.029) and from stage i to stages iib and iiia (p<0.001), but 
not between stages iia and iib (p=0.196) (Tables iii and iv).

Expression of TK1 was significantly higher in tumors 
>3 cm compared to tumors <3 cm in size (data not shown).

The correlation between Tk1 and ki-67 expression in the 
subgroups in terms of grade and stage was very high (r=0.97-
0.99), indicating that, in this case, neither marker was capable of 
distinguishing different sub-populations of proliferating cells.

Table i. expression of Tk1 and ki-67 in normal breast and benign breast tissues (udH), in pre-malignant (adH), primary 
(dciS) and invasive ductal (idc) carcinoma of the breast. 

Type Mean Sd no. Max Min P-value

Tk1 expression
  normal 0.2 0.2 20 0.6 0.0
  udH 3.3 1.4 25 8.0 2.0 <0.001
  adH 8.6 2.8 22 13.5 3.0 <0.001
  dciS 20.0 14.0 25 55.8 4.2 <0.001
  idc 29.1 21.4 60 89.6 3.8   0.018

ki-67 expression
  normal 0.1 0.1 20 0.4 0.0 
  udH 3.3 1.3 25 7.5 2.0 <0.001
  adH 8.6 2.8 22 13.1 3.2 <0.001
  dciS 20.0 14.0 25 55.3 4.0 <0.001
  idc 27.5 21.1 60 85.9 1.0   0.054

expression of Tk1 and ki-67 is presented as the percentage of stained tumor cells. values are the mean ± Sd.

Table ii. expression of Tk1 and ki-67 in relation to the grade of primary breast ductal carcinoma in situ. 

grade Mean  Sd no. Max Min  P-value

Tk1 expression
  1 9.1 4.2 12 18.6 4.2
  2 22.5 7.2 10 35.4 12.3 <0.001
  3 49.2 8.1 3 55.8 40.2   0.014

ki-67 expression
  1 9.2 4.3 12 18.4 4.0
 2 23.0 7.6 10 36.1 40.5 <0.001
 3 49.2 7.7 3 55.3 40.5   0.011

expression of Tk1 and ki-67 is presented as the percentage of stained tumor cells. values are the mean ± Sd.

Figure 4. expression of Tk1 in relation to grade of primary breast ductal car-
cinoma in situ. Tk1 expression is presented as the percentage of stained tumor 
cells. values are the mean ± Sd.
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Age distribution. The mean ages of the adH, dciS and idc 
patients were 40.6±8.1, 45.3±5.6 and 50.3±13 years, respectively 
(Table V). Differences between the ages were significantly dif-
ferent. The mean age of the udH patients was 43.5±7.7 years.

Discussion

Breast cancer is the second most common malignant tumor in 
chinese females, and its incidence is steadily rising. The eti-
ology of breast cancer is complex and is likely to involve the 
actions of genes at multiple levels along the multistage process 
of carcinogenesis. different cells in normal and malignant 
breast tissues have different gene expression, making a complete 
characterization of the gene expression patterns of these cells 
by cDNA-array or proteomics techniques difficult (9,10). To 
date, few tumor markers for breast cancer are in use (11,12) 
that meet the criteria set by the american Society of clinical 
oncology (aSco) (11). Steroid hormone receptors (estrogen 
and progesterone) are among the recommended markers, 
providing prognostic information and aid in planning breast 
cancer treatment strategy. However, the number of patients 
with estrogen-receptor (er)-positive primary tumors is depen-
dent on age, with ~50% of pre-menopausal patients testing 

Table iii. expression of Tk1 in relation to the grade and the stage of invasive breast ductal carcinoma. 

 Mean Sd no. Max Min P-value

grade
  1   6.8   3.4 12 15.0   3.8
  2 25.1 11.4 34 54.6   8.8 <0.001
  3 55.7 22.7 14 89.6   4.2 <0.001

Stage
  i 17.0 13.4 22 45.3   3.8
  iia 29.3 19.0 20 78.2   4.7   0.029
  iib 40.3 24.4 16 89.6 12.2   0.196
  iiia 61.7 23.4   2 78.2 45.1   0.403

expression of Tk1 is presented as the percentage of stained tumor cells. values are the mean ± Sd.

Table iv. expression of ki-67 in relation to the grade and the stage of invasive breast ductal carcinoma. 

 Mean  Sd no. Max Min  P-value

grade
  1   5.5   3.2 12 14.1   1.0 
  2 23.7 11.1 34 50.8   7.5 <0.001
  3 53.8 22.2 14 85.9   4.5 <0.001

Stage
  i 15.7 13.2 23 43.6   1.0
  iia 28.0 18.6 20 75.6   4.2   0.027
  iib 38.3 24.1 16 85.9 10.5   0.224
  iiia 59.4 24.2   2 76.5 42.3   0.419

expression of ki-67 is presented as the percentage of stained tumor cells. values are the mean ± Sd.

Figure 5. expression of Tk1 in relation to grade and stage of invasive breast 
ductal carcinoma. The expression of Tk1 is presented as the percentage of 
stained tumor cells. values are the mean ± Sd.
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positive compared to 75-85% of menopausal patients. Her-2/
neu (c-erbB-2), a growth factor receptor overexpressed in 
~25-30% of the human breast cancer patients (12), is also 
recommended for use in the diagnosis and prognosis of breast 
cancer (13). Pcna and ki-67 are commonly used markers 
related to cell proliferation that are applied for prognostic 
purposes. These markers are positive in ~40-60% of tumor 
samples (14). However, as yet no studies have conclusively 
shown a relationship between ki-67 and the S-phase of the cell 
cycle (15). Moreover, Pcna shows some false immunoreac-
tivity in g0 cells (16).

in clinical practice, the proliferating markers Pcna and 
ki-67 are still in use for patients with breast cancer, in particular 
ki-67 (17). When the immunohistochemical staining of Pcna 
and ki-67 was compared to in vivo bromodeoxyuridine (Brdu) 
labeling, the labeling indexes (lis) of these markers were 
ranked in the order Pcna<ki-67<Brdu, indicating that the 
Pcna and ki-67 lis did not match in vivo Brdu labeling (18). 
The BrdU LI reflects the synthesis rate of DNA. In pregnancy/
lactation-associated breast cancer patients, no significant differ-
ence was found between the overall survival of breast carcinoma 
patients vs. the control group, although significant differences 
in the expression of er/progesterone receptor, epidermal 
growth factor receptor and Pcna (13) were found. Her-2/
neu and Pcna expression is clearly important from a biological 
standpoint, but they have not been recognized as independent 
molecular markers. in a recent study of breast cancer response 
to neo-adjuvant chemotherapy, Bcl-2, er, p53, Her-2/neu 
and ki-67 were used as predictive markers. er negativity and 
a high proliferation index were associated with improved 
response, while Her-2/neu status did not predict response 
(19). Thus, there is a need for new prognostic markers that can 
provide direct benefits during the planning of anticancer 
therapy and the follow-up of patients with breast cancer.

Tk1 is a cytosolic enzyme responsible for the phosphory-
lation of the dna precursor thymidine. it is only expressed in 
S-phase/g2 cells, and the intracellular activity and concentra-
tion of this protein are known to be closely correlated with the 
cell proliferation of cultured cell lines and tissues, both normal 
and malignant (20-25).

The expression of Tk1 is related to the cell cycle and is 
regulated in a complex manner; i.e., Tk1 is activated during 
g1/S, peaks in the S-phase and is inactivated in g2/M. The 
carboxyl-terminal 40 residues of Tk1 are essential for the 
cell cycle regulation of Tk1 activity (20). deletion of these 
residues completely abolishes cell cycle-dependent variations 

in activity. Therefore, we chose a peptide from this region 
and developed igy and igg anti-Tk1 polyclonal antibodies 
(7,25). in this study, igg anti-Tk1 mab was used. The results 
indicated that the TK1 mAb is highly specific for the TK1 
peptide and reacts with the native intact Tk1 protein in both 
biochemical and cell biological analytic procedures.

The expression of Tk activity has been studied in human 
breast cancer cell lines (26), in the cytosol of human primary 
breast tumors (27-29) and in the serum of human breast cancer 
patients (30-32). Tk activity in the cytosol of breast tumors is 
the only factor negatively correlated with overall survival (30), 
and the only factor predictive of disease-free and metastasis-
free survival in node-negative patients (30). However, only two 
studies have been conducted using sections of ductal breast 
carcinoma (6,33) with TK1 as a proliferation marker. In the first 
of these, it was demonstrated using polyclonal Tk1 antibodies 
that the number of patients with tumors positively stained for 
TK1 was significant higher (79%) than the number of those 
positively stained for Pcna (65%) (33). Tk1 expression was 
also correlated with higher stage and grade, while Pcna was 
not (35). in the second study on ductal breast carcinoma using 
two types of Tk1 mabs, the number of patients with tumors 
positively stained fo Tk1 was found to be 57%, while the 
corresponding value for ki-67 was 41% (6). The difference 
was only significant in patients with grade 2 tumors. However, 
from an anti-tumor therapy point of view, the identification of 
grade 2 patients is important.

in the present immunohistochemistry study with various 
types of ductal breast carcinoma (adH, dciS and idc), we 
confirmed earlier results regarding TK1 and breast malignancy, 
showing Tk1 expression to be correlated with stage and grade. 
Furthermore, mean TK1 expression was significantly higher 
in grade 2 dciS and idc tumors compared to grade 1 tumors, 
which demonstrates the applicability of Tk1 as a prognostic 
factor in breast ductual carcinoma. This provides novel infor-
mation regarding Tk1 expression in breast malignancies: Tk1 
expression differs significantly between the various subgroups 
of ductal breast carcinoma patients. Furthermore, Tk1 and 
ki-67 expression measured by immunohistochemistry were 
surprisingly similar in this group of patients, suggesting that 
the determination of Tk1 expression may aid in the planning 
of individual and improved anti-cancer therapy, particularly in 
patients with adH and dciS. For example, adH and dciS 
patients with high Tk1 expression should likely be treated more 
aggressively than patients with low or no Tk1 expression, and 
patients with adH may qualify for minimal access surgery, 

Table v. Mean ages of patients with benign (udH) and pre-malignant (adH) tumors, primary carcinoma in situ (dciS) and 
invasive ductal carcinoma (idc).

Type Mean Sd Median no. Max Min P-value

udH 43.5 7.7 43.0 25 58 23
adH 40.6 8.1 42.0 22 50 21 0.214
dciS 45.3 5.6 45.0 25 62 33 0.031
idc 50.3 13.0 49.5 60 83 29 0.016

values are the mean ± Sd.
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avoiding extensive radical breast surgery. The use of a 
combination of mammography, B-ultrasound and prolifera-
tion markers such as Tk1 or ki-67 may help identify patients 
with early-stage disease, i.e., adH/dciS, providing a more 
accurate prognosis. in a recent study on dciS based on a 
multivariate analysis of frequency of necrosis, survivin, Bax, 
Bls-2, ki-67 and apoptotic index (34), it was demonstrated 
that dciS tumors with micro-invasion were characterized by 
a slightly elevated cell proliferation capacity. This shows the 
importance of determining the proliferation rate of tumors in 
dciS patients for the prognosis and treatment of the disease. 
Tk1 expression appears to be suitable for this purpose.

The accuracy of the present study is shown by the patient age 
distribution in the various tumor subgroups. The mean ages of 
the adH, dciS and idc patients were 40.6±8.1, 45.3±5.6 and 
50.3±13 years, respectively, which are significantly different 
from each other and in accordance with the age distributions 
of breast cancer patients. For example, the cancer committee 
of the college of american Pathologists has assigned adH 
patients a 4-5 times increased risk of subsequently developing 
idc within 8.3 years (5).

in summary, our results indicate that Tk1 expression as 
a tumor proliferating marker could be as useful as ki-67 in 
determining the best course of tumor therapy for the various 
subgroups of breast ductal carcinoma. This is of particular 
interest for patients with pre-cancerous lesions, who may receive 
minimal access surgery instead of extensive radical breast 
surgery, improving survival rates and quality of the life.
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