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Abstract. Tumor-related biomarkers are used for the diag-
nosis, prognosis and monitoring of treatments and follow-up
of cancer patients, although only a few are fully accepted for
the detection of invisible/visible tumors in health screening.
Thymidine kinase 1 (TK1), a cell cycle-dependent and thus
a proliferation-related marker, has been extensively studied
during the last decades, using both biochemical and immuno-
logical techniques. Therefore, TK1 is an emerging potential
proliferating biomarker in oncology that may be used for
the prognosis and monitoring of tumor therapy, relapse and
survival. In addition, TK1 concentration in serum (STKl1p)
is a useful biomarker in healthy screening for the detection
of potential malignancy development as well as the identifi-
cation of early-stage tumors, with a few false-positive cases
(ROC value, 0.96; tumor proliferation sensitivity, 0.80; speci-
ficity, 0.99). In this review, we examine results regarding the
expression of STK1p and TK1 in relation to cancer patients
and STKlp in health screening published between 2000 and
2012. The use of tumor-related markers recommended by
international cancer organizations is also discussed. This
review provides valuable information for applications in tumor
patients, in health screening and for cancer research.
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1. Introduction

Cancer is a disease of abnormal proliferating cells. Mutations
in certain enzymes and proteins associated with cell growth
regulation leads to uncontrolled proliferation and thus malig-
nancy. Non-invasive serological methods provide information
of invisible tumors (early tumor detection) prior to detection by
modern imaging, thus increasing the potential to cure patients.
Furthermore, prognostic and predictive factors are crucial for
identifying patients at a higher risk of relapse and for selecting
the most appropriate systemic treatment for individual patients.

Several potential biomarkers are available at present and
each marker has its own clinical characteristics. Thymidine
kinase 1 activity in serum (STKa) is a cell-proliferating
marker that has been used for the prognosis and monitoring of
treatment, follow-up and survival in patients with lymphoma
and leukaemia since 1983 (1). Similarly, subsequent to the
development of anti-thymidine kinase 1 (TK1) antibodies by
the Swed-Sino research group (2), TK1 concentration in serum
(STK1p) became a useful tool for the prognosis, monitoring of
tumor treatments, relapse, follow-up and survival, particularly
in solid tumors. These results have been partly shown in recent
reviews (3-7). STK1p was found to be an emerging potential
cell proliferation biomarker for the early detection of pre-
malignant and malignant diseases in health screening. This
review examined results regarding the expression of STKl1p
and TK1 in tumor tissues (immunohistochemistry) and STK1p
in health screening published between 2000 and 2012. The
use of tumor-related markers recommended by international
cancer organizations was also evaluated in the present review.

2. Tumor-related tailored biomarker

Biomarkers in cancer patients are divided into growth- and
tumor-related markers. Growth-related markers are compounds
involved in the regulation of growth and anti-growth signals,
cell cycle, apoptosis, angiogenesis, adherence, tissue invasion
and metastasis (3-10). At present, biomarkers, such as Ki-67,
TK1, p53 and M30 are in commercial use in the clinic. The
tumor-related types of biomarkers are not correlated with
growth directly, but are present or absent in malignant cells, as
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reflected by their serum concentrations and tumor tissue expres-
sion. Examples of such biomarkers are carcinoembryonic
antigen (CEA), cancer antigen 15-3 (CA15-3), CA19-9 and
CA-125, reflecting epidermal cell carcinoma, neuron-specific
enolase (NSE) and squamous (SCC)-Ag for the detection of
squamous cell carcinoma and prostate-specific antigen (PSA)
in prostate carcinoma. Guidelines for the use of these markers
in the clinic have been published by the American Society
of Clinical Oncology (ASCO), the American Cancer Society
(ACS), the National Cancer Institute (NCI) and the National
Comprehensive Cancer Network (NCCN) (Table I). An over-
view by Cigna (11) indicated that most tumor biomarkers are
often insufficient to diagnose malignancies by themselves for
the following reasons: i) the tumor-related biomarker level
may be elevated in individuals with benign conditions, or not
elevated in individuals with malignancies, particularly at the
early stages of tumor growth; ii) most of the tumor-related
biomarkers are not specific to a particular type of tumor; and iii)
the tumor-related biomarker level can be elevated by more than
1 type of tumor. However, certain tumor-related biomarkers
reflect stages and/or tumor grades and are therefore useful in
predicting treatment response and recurrence, but are still not
recommended for the screening of cancer diseases (11).

3. Thymidine kinase 1

TK1 is a cell cycle-dependent enzyme of the pyrimidine
salvage pathway, catalyzing the phosphorylation of thymidine
to thymidine monophosphate. TK1 concentration in the cell
is low in the G1 phase of the cell cycle, increases during the
S/G2 phases and decreases in the late G2/M phase. TK1 is
low or absent in non-proliferating cells, with some exceptions.
Transcriptional and translational mechanisms control the
expression of TK1 (1-7,12-14). The degradation of TK1 in the
M phase is due to ubiquitin-proteasome-related mechanisms
(13), singling out TK1 as a useful biomarker for cell prolifera-
tion, and thus for malignancy. Using the thymidine analogue
['*1]-5-iodo-2-deoxyuridine as a substrate, a STKa assay was
established for human tumors in the early 1980s (1). The STKa
assay is useful for the prognosis of survival and the monitoring
of tumor treatment mainly in patients with leukaemia, as well
as Hodgkin's and non-Hodgkin's lymphoma (3-5)

In 2002, Sino-Swed TongKang Biological Technology Inc.
(SSTK Inc., Shenzhen, China) developed chicken polyclonal
anti-TK1 antibodies for serum test and mouse monoclonal
anti-TK1 antibodies for immunohistochemistry, under the
guidance of the Swedish TK1 Research Group. A highly
sensitive and specific serological assay system based on an
immune-enhancing chemiluminescent dot blot detection
system (ECL dot blot), as well as a TK1 immunohistochemical
method, were established in 2003 (2). The new immunological
TK1 assay determined the concentration of STK1p instead of
STKa, and was found to be useful both in patients with solid
tumors and those with leukaemia and lymphoma (4-7,15-20).
In addition, the commercial serum TK1 kit (SSTK Inc.) is
useful for the detection of pre-malignancies and malignancies
in health screening (21-23). Until May 2012, over 450,000
individuals participating in health screenings were tested for
STK1p, of which data from 45,682 cases have been analysed
and published (21-27). STK1p has also been determined in

6,124 diagnosed cancer patients with 15 types of malignancies
(28-59). TK1 expression in tumor tissues (immunohisto-
chemistry) has been analysed in 1,357 patients with 8 different
types of malignancies (60-71).

4. Thymidine kinase 1 in health care applications

STKlIp in health screening. An effective tumor-screening
test, such as the STK1p assay should detect malignancies,
i.e. physiological conditions that increase the risk of devel-
oping a tumor in the future (6,7,21-27) as early as possible.
Patients with an elevated STK1p (risk cut-off value >2.0 pM)
showed a significantly higher frequency of obesity, fatty liver
and HBV infections, as well as various types of moderate/
severe pre-malignancies (26), conditions that increase the risk
of developing malignancies over the years. Additionally, a
significantly higher (3- to 5-fold) risk of developing malig-
nancies in the course of 6 years was found (26). This is the
first study to report TK1 concentration in serum to be useful
in health screening.

A detection system of serum markers using immunological
tools in health screening requires antibodies of high sensitivity
and specificity, with no cross-reactivity of human serum.
The sensitivity and specificity is determined by the receiver
operation characteristic (ROC) analysis. A ROC-value >0.95
and a likelihood (+) value >8.0 is recommended for a health
screening test. According to a ROC analysis carried out on the
STKIp test developed by SSTK Inc., statistically significant
differences were detected between pre-operational pre-malig-
nant/malignant patients (n=720), and healthy individuals/
individuals with diseases other than pre-malignancies/malig-
nancies (n=4,103) (26). Since STK1p is not a tumor marker, but
a proliferation biomarker, the control group should comprise
healthy individuals and individuals with proliferational
non-malignant diseases and physiological changes affecting
the STK1p level. The ROC value was found to be 0.96 and the
likelihood (+) value 199.7. At a STKIp risk cut-off value of
2.0 pM, the sensitivity and specificity indices were 0.80 and
0.99, respectively (26), showing that the STK1p serum assay
is a highly reliable test, with a low number of false-positive
cases (1/300). The STK1p values of healthy individuals with
no known pre-malignancies/malignancies in the ECL dot blot
assay were 0.4-0.8 pM.

The first STK1p preliminary test in health screening was
conducted at the 301st Hospital in Beijing, China, during 2006-
2007. This study included 72 individuals of middle age with no
symptoms of malignancies or other diseases. Three individuals
were found to have elevated STK1p values (1.8,7.0 and 7.1 pM)
compared to the healthy individuals (0.5 pM). The pathology
examination showed esophagus squamous cell carcinoma,
gastric adenocarcinoma and small adeno/squamous carci-
nomas of the lung, respectively (22). Despite the small scale
of the present study, the STK1p assay has the potential to be
used for identifying individuals with malignancies in a group
of healthy people. Based on these results, large-scale health
screening studies were initiated in China [the Third Xiang
Ya Hospital, ZhongNan University, Changzha (23,26,27), the
General Hospital of the Jilin Oilfield, Jilin (24) and the Fujin
People's Hospital, Fuzu (25)], the results of which also demon-
strated that STK1p had the potential to identify individuals at
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Table 1. Markers recommended for clinical applications by the cancer organizations ASCO, ACS, NCI and NCCN.

Markers Malignancy Diagnosis Prognosis Monitoring Screening
AFP Liver Yes Yes Yes Yes
AFP + b-hCG Testis, ovary Yes - Yes -
Calcitonin Thyroid Yes - - -
CA 19-9 Gastric, pancreatic - - Yes -
CA-125 Ovary - - Yes -
CA-125 Endometrial cancer Yes - -
CA-153,CA27-29 Breast - - Yes -
CEA Colorectal - - Yes

CEA Liver Yes - - -
CgA Neuroendocrine Yes - - -
Estrogen/progesterone receptor Breast - - Yes -
HER-2/neu Breast - - Yes -
hCG Ovary, testis - - Yes -
NSE Small lung cancer - Yes Yes -
PAP Prostate - - Yes -
PSA Prostate - - Yes -
Thyroglobulin Thyroid - - Yes -

ASCO, American Society of Clinical Oncology; ACS, American Chemical Society; NCI, National Cancer Institute; NCCN, National
Comprehensive Cancer Network; PSA, prostate-specific antigen; AFP, a-fetoprotein; hCG, human chorionic gonadotropin; CA 19-9, cancer
antigen 19-9; CA-125, cancer antigen 125; CA-153, cancer antigen-153; CA 27-29, cancer antigen 27-29; CEA, carcinoembryonic antigen;
CgA, chromogranin A; HER-2/neu, human epidermal growth factor receptor 2; NSE, neuron-specific enolase; PAP, prostatic acid phosphatase.

a higher risk of developing pre-malignancies/malignancies.
Various types of pre-malignancies were reported, such as
hyperplasia of breast and prostate, polyp proliferative lesions,
suspected liver/lung malignant tumor lesions, Helicobacter
pylori positivity, cirrhosis, HBV positivity and chronic inflam-
matory diseases as well as benign tumor, obesity and fatty liver.
Follow-up data (3-6 years) of individuals with elevated STK1p
values (n=170; STK1p >2.0 pM) showed a 3- to 5-fold higher
risk of developing malignancies, compared to individuals with
normal STK1p values (n=6,354; risk cut-off value <2.0 pM)
(26). However, additional long-time (10-15 years) follow-up
studies, some already in progress, are required to eventually
prove the applicability of STK1p, identifying individuals at
risk of developing cancer, in health screening.

The percentage of individuals with elevated STK1p values
in a group of city-dwelling individuals was 0.8% (n=26,484).
Approximately 85% of those individuals had diseases associ-
ated with processes with a potential to lead to malignancies
or had already established malignancies at higher frequencies
compared to individuals with healthy STK 1p values, indicating
statistical significance (P<0.01). The frequency of individuals
with elevated STK1p values markedly varied in different cities
(0.5-1.1%), possibly reflecting differences in living and working
conditions. The frequency of individuals with elevated STK1p
values was also higher than the cancer incident rate in China
(0.2-0.5% incident rates) (72), possibly because patients with
elevated STK1p values showed pre-malignancies, although
not all pre-malignancies become malignancies. Furthermore,
the frequency of individuals with malignancies in these health

screenings was low (~0.01) since in China most individuals
with symptoms of cancer directly contacted oncology clinics
instead of health screening centres.

In contrast to those living in cities, individuals living
and working in a land-based oil field (n=8,869) showed a
significantly higher frequency of elevated STK1p values
(5.8%), demonstrated by results of the tests conducted at the
Health Centre of the General Hospital of the Jilin Oil-field,
Jilin, China (24). Although the same high frequency
of pre-malignancy/malignancy was observed as for the
city-dwelling individuals (~85%) in the group of patients
with higher STK1p values, they had a significantly higher
frequency of refractory anaemia, fatty liver and obesity. The
refractory anaemia frequency was ~40%, compared to ~1%
among the city-dwelling individuals. Anaemia is one of the
pre-cancerous myelodysplasia diseases with the potential to
develop into leukaemia (72,73). The high frequency of refrac-
tory anaemia among the oil-field workers is likely to have
been induced by benzene toxicity (74,75). However, there
were hardly any workers with breast and prostate hyperplasia,
compared to the city-dwelling group (~50%). Furthermore,
individuals exposed directly or experiencing a long exposure
to oil-derived pollutants, including drilling, transporta-
tions and geological prospecting, had a higher frequency of
STK1p values (7.8%), compared to individuals working at the
service/administration department of the oil-field company
(3.9%), indicating a statistically significant difference.
Consequently, the level of STK1p in the worker group reflects
a higher risk of developing cancer in the haematopoietic
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Table II. STK1p in relation to clinical parameters.

Monitoring  Clinical outcome
Type of tumor Clinical stage Grade  treatment of treatment Relapse  Survival Benign  Healthy
Breast Yes Yes Yes Yes Yes ND > >
Cervical Yes Yes ND ND ND Yes ND >
Esophagus Yes No Yes Yes ND ND ND >
Gastric and cardiac Yes No Yes Yes ND ND > >
Colorectal ND ND Yes ND ND ND ND >
Renal cell carcinoma No No ND ND ND ND No diff.  No diff.
Bladder Yes No Yes ND ND ND ND >
Prostate Yes ND ND ND ND ND > >
Head and neck ND ND Yes Yes ND ND ND >
Lung Yes Yes Yes Yes ND ND ND >
Leukaemia ND ND Yes Yes ND ND ND >
Lymphoma ND ND Yes Yes ND Yes ND >
Hepatoma ND ND ND ND ND ND ND >
Brain ND ND ND ND ND ND ND >

ND, not determined; >, STK1p values are significantly higher in malignant patients compared to benign and healthy individuals; No diff., No
difference in STK1p values between malignant patients and benign and healthy individuals.

system (anaemia) (74,75), as a result of exposure to pollutants
coupled with oil production.

STKIp in clinical oncology. The significance of STKa for
the prognosis, monitoring of tumor treatments, relapse and
survival has been discussed in previous reviews (1,3-5). In
the present review, the applicability of STK1p in clinical
oncology is discussed. The results are based on case-control
clinical trials or routine clinical settings. Some of the results
were obtained from clinical pilot studies. In a routine clinical
setting patients were analyzed upon arrival to the labora-
tory without any planned study. The analysis, however, was
carried out in accordance with the approved clinical labora-
tory practices. In a clinical trial the medical parameters
of the particular type and schedule of treatments must be
strictly followed. In routine clinical settings, however, it is
not always possible to follow recommendations from clinical
trials, which may result in unreliable prognosis. Therefore,
whether it is possible to draw conclusions concerning the
applicability of STK1p from routine clinical settings should
be investigated. However, close correlations between STK1p
values and clinical parameters including the outcome of
treatments and survival were found, although results from
routine clinical settings require further confirmation. In the
studies discussed in the present review, healthy individuals
of relevant gender and ages were used as the controls. STK1p
in association with various types of malignancies is shown
in Table II.

Gynaecology
Breast cancer.

STKIp as a marker for monitoring treatment. As part
of a clinical trial, STK1p was examined in patients with

non-lymph node metastatic breast cancer pre- (n=17) and
post-operation (n=38), as well as in patients with lymph-
node metastasis (n=10), compared to patients with benign
tumors (n=21) as well as healthy individuals (n=11) (15).
Significantly higher STK1p values were evident prior to
surgery compared to 3 months after surgery. In patients
with lymph-node metastasis, STK1p was significantly
higher compared to patients with no metastasis. The benign
patients showed a significantly lower STK1p compared to
pre-operative breast cancer patients. The STK1p values of
the healthy individuals were significantly lower compared
to both the breast cancer patients and the benign patients.
A series of similar studies have demonstrated that STK1p
has the potential to be a reliable biomarker for monitoring
treatments (28-32).

In a recent study on breast carcinoma patients conducted
by Carlsson et al (31), the STK1p levels were determined
subsequent to surgery (n=24) and chemotherapy (n=39) by
a non-radioactive immunological ELISA TKI1 assay using
the same anti-TK1 immunoglobulin Yolk (IgY) antibody as
provided in the STK1p dot blot assay by SSTK Inc. Although
the ELISA assay is less sensitive compared to the ECL dot blot
assay, STK1p values were significantly reduced 4 weeks after
the surgery. The STKlp significantly increased after tumor
recurrence and decreased again following additional chemo-
therapy in the recurrent patients.

In a follow-up study on neo-adjuvant-treated breast cancer
patients (n=40), the STK1p levels were positively correlated with
variables such as histological grade, clinical stage, tumor size
and C-erbB-2, although negatively correlated with oestrogen
receptor (ER). Subsequent to neo-adjuvant therapy, the STK1p
values of stage II patients showing complete (CR) and partial
response (PR) decreased by 64 and 78%, respectively, whereas
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only by 17% in patients with no response (NR). P=0.013 was
considered to indicate a statistically significant difference.
Similar results were found in the stage III patients, with the
exception that fewer patients showed decreasing STK1p values
(50%). Thus, STK1p may be used to evaluate the effect of
neo-adjuvant chemotherapy in breast carcinoma patients (32).

STKIp and recurrence. The STK1p value was used as
a predictive biomarker for recurrence in a case control trial
on low-risk breast cancer patients for a follow-up period of
11 years (n=120) (20). The STK1p values 3 months after
surgery were significantly higher in patients with a longer
recurrence. A multivariate analysis showed a 6-fold higher risk
of developing recurrence in the STK1p-elevated group.

STKIp in combination with SCT-scanning. In a breast
carcinoma study conducted by Lu er al (33), the STKl1p
values were determined and compared to the size of the
tumor measured by means of enhanced CT-scanning (SCT).
The STKI1p level of the breast carcinoma patients was
significantly higher compared to that of patients with breast
benign/pre-malignant tumors. The correct diagnostic rate of
breast carcinoma patients determined by SCT was 92.1%, and
71.1% by STK1p. When combined with the STK1p values
the diagnostic rate of SCT increased to 97.3%. The correct
diagnostic rate of breast benign and pre-malignancy patients
determined by SCT was 82.4%, whereas 94.1% by STKlp.
STK1p values were positively correlated with the tumor size,
degree of enhancement and axillary lymph-node invasions
(P<0.05). The authors concluded that the SCT in combination
with the STK1p assay increased the accuracy of the prognosis
of neoplasms, while providing a more precise parameter for
clinical treatment.

Serological TK activity. Recently, Nisman et al (74) have
also reported that STKa is an important risk factor, indicating
a high proliferation potential of tumors at the time of excision.
Multivariate COX proportional hazard analyses demonstrated
that STKa adjusted for stage, grade, necrosis, and ER and PR
negativity was retained as an independent predictor of disease
recurrence (hazard ratio, 3.9; 95% CI, 1.3-11.6; P=0.013).
STKa was reported for the first time to correlate with BRCA1/2
mutations.

Cervical cancer.

Cervical cancer is the third most common malignancy in
women and a major cause of morbidity and mortality, particu-
larly in developing countries. The abnormalities in cervical
cells occur in the squamous epithelium and are considered to
be pre-cancers of invasive squamous carcinomas. As yet, no
specific prognostic tumor markers or markers with the poten-
tial to be used for follow-up survival are known for cervical
carcinoma.

The prognostic value of STK1p and the use of STK1p for
monitoring the effect of treatment were examined in cervical
carcinoma patients (n=85) and in patients with cervical
intraepithelial neoplasia (CIN, n=30), and compared to healthy
women (n=41). The STK1p values in the cervical carcinoma
patients were significantly higher compared to CIN patients
and healthy women (P<0.05). The STK1p levels increased
significantly from stage I-II to III-IV (P<0.05). The STKI1p
values were reduced after surgery to values close to those in
healthy women (P<0.05) (34).

MOLECULAR AND CLINICAL ONCOLOGY 1: 18-28, 2013

In another study on patients with locally advanced cervical
carcinoma (n=45), STK1p was compared to SCC-Ag, prior
and subsequent to treatment with synchronous chemo/radio-
therapy. SCC-Ag is a serum marker used for monitoring, but
not for follow-up survival, in patients with cervical cancer. The
positive rates of STK1p (>2.0 pM) and SCC-Ag were 51.1 and
68.9%, respectively, and were closely associated with clinical
stages, lymph-node metastasis and tumor size (P<0.05). The
positive rates of STK1p and SCC-Ag significantly decreased
to 14.6 and 18.6%, respectively, after one cycle of treatment.
Thus, STK1p may be used for prognosis in patients with
locally advanced cervical carcinoma and for evaluating the
effects of the treatment (35).

Digestive system

Esophageal cancer. Esophageal cancer is one of the two
most frequent types of malignancies in China. STK1p was
evaluated as a prognostic factor in esophageal carcinoma
patients in two studies, (36, n=101) and (37, n=363). In the first
study, the STK1p values were highly correlated with clinical
stages (0+I vs. stage III+IV; P=0.005). Although STKlp
was not correlated with tumor size, a significant increase in
STK1p values was observed from T1 to T4 (P=0.021). The
STKI1p values of patients with lymph-node metastasis were
higher compared to patients without lymph-node metastasis
(P=0.065). In the present study, the STK1p value was not
correlated with pathological grades (36).

In the second study, STK1p values decreased by 45 and/or
71% subsequent to surgery and chemotheraphy, respectively
(P=0.001). Subsequent to treatment, STK1p values also varied
depending on the presence or absence of metastasis, i.e.,
STK1p decreased to 0.9 pM in non-metastatic patients, while
remaining high in metastatic patients (3.9 pM) (37).

Gastric and cardiac cancer. STK1p and STKa levels were
determined in pre- and post-surgery gastric cancer patients
(n=43) (16). One month subsequent to surgery, the STK1p level
decreased by ~50%. At 3 months the STK1p value was almost
back to normal. By contrast, there were no significant changes
in the STKa values. Recent studies on gastric cancer patients,
partly based on routine clinical settings, confirmed these results
(36,38-40). For example, in one of these studies (n=102), the
STK1p values decreased to normal in patients without metas-
tasis within 1 month after surgery, while remaining high in
patients with metastasis (37). The number of STK1p-positive
patients (>2.0 pM) prior to surgery was significantly higher
compared to other digestive markers. In a study by Chen et al
(36) (n=69), STK1p was found to correlate with clinical stages,
partly with tumor size and treatment (chemotherapy, radio-
therapy or biological therapy) outcome (STK1p was lower in
CR/PR compared to SD/PD). Thus, STK1p may be used as a
marker for monitoring the response to treatment 1 month after
surgery in patients with gastric carcinoma.

In a comparison study, STKa was markedly elevated in
gastric adenocarcinoma compared to healthy individuals
(n=72) (75).

Colorectal. Colorectal cancer is a common malignant
tumor of the digestive system. Mild symptoms presenting
at an early stage of the tumor often pass unnoticed by both
patients and physicians, whereas when clinical symptoms
become more distinct, patients are likely to be at advanced
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stages. Thus, several studies have been conducted on STK1p
in comparison with other biomarkers (41-45).

In a study on 140 patients STK1p was compared to CEA,
a commonly used serum marker in colorectal patients (44).
The number of positive STK1p (>2.0 pM) and CEA patients
was 63.8 and 59.3%, respectively. The percentage of TK1 in
immunohistochemistry showed a labeling index (LI) of 78%.
The level of STK1p decreased gradually at 1 and 3 months
after surgery and reached normal levels at 6 months (42).

To evaluate the benefits of laparoscopic surgery over open
surgery, STK1p, EGF, HGF, CRP, and IL-6 markers were used
to assess the clinical outcome (n=66). These markers showed
a more rapid decrease 1 month after laparoscopic surgery,
compared to open surgery (P<0.05) (43).

The number of polyps, distribution, size and shape, as
well as the pathological types of colorectal cancer is directly
associated with the development of malignancies. In a study
on polyps (n=122) (45), significantly higher expression levels
of STKI1p were found in polyp groups of adenomatous,
sessile colorectal and =2 cm polyp group, compared to the
polyp group of non-adenomatous, pedunculated colorectal,
1 polyp group and healthy individuals. Thus, STK1p may be
used to assess the proliferation rate of different colonic polyp
patient groups, indicating an early risk of developing cancer
in the future.

Urinary system

Prostate carcinoma. Prostate carcinoma is one of the
most common cancer types of the urinary system, and onset
is increasingly observed in younger age groups. The first
comparison study on STKa and PSA was performed in 1996
(m=92) (76). STKa was found to be a more reliable marker
compared to PSA. Recently, STK1p was also shown to be a
reliable marker in prostate carcinoma patients (46). STK1p
had the potential to distinguish between patients with prostate
carcinoma (n=70, 3.66x£1.91 pM, sensitivity 0.72 at a cut-off
value of 2.0 pM) and patients with prostate hyperplasia (n=40,
1.28+0.35 pM) (P<0.05), indicating a statistically significant
difference. The STK1p value in healthy individuals (n=40)
was 0.79+0.27 pM. The positive rate of STK1p (>2.0 pM) was
associated with clinical stages [T, 62.9% (22/35), T, 73.7%
(14/19), T5 80.0% (8/10), and T, 100.0% (6/6)]. Thus, STK1p
is a potential biomarker in patients with prostate carcinoma
capable of distinguishing between prostate hyperplasia and
carcinoma.

Renal cell carcinoma (RCC). The STK1p level of RCC
patients was low with no statistically significant difference in
healthy individuals, while the STKa level was significantly
higher (50, n=26). STKa was correlated with clinical stage,
grade and tumor size. However, in a recent study, the STK1p
value was significantly higher in patients with RCC (positive
rate 60.0%) compared to healthy individuals (47).

The use of STKa as a prognostic biomarker in RCC
patients (n=116) was confirmed by Nisman et al (77). STKa
was significantly higher compared to healthy individuals,
but not to patients with benign kidney tumors (n=27). STKa
was correlated with T stage, although not with grade. The
presence of extensive tumor necrosis (>50%) was statisti-
cally correlated with a high TuM2-PK and a low STKa level.
TuM2-PK is a marker for the overall cell metabolism. High

levels of STKa and TuM2-PK were correlated with reduced
5-year recurrence-free survival. Multivariate Cox analysis
showed that STKa and TuM2-PK were independent predictors
of recurrence.

Bladder cancer. STK1p was significantly higher in patients
with bladder carcinoma, compared to healthy individuals (19).
Following surgery, STK1p decreased rapidly within 1 week
and returned to normal values 1 month after the surgery. The
patients were considered to be tumor-free, when the STK1p
values were normalized.

Head and neck cancer. Head and neck cancer includes a
number of different types of malignancies, for example,
tongue, pharynx, parotid gland, larynx, nasopharynx, tonsil,
facial and gum. Since head and neck cancer is complex, useful
biomarkers for prognosis and monitoring of treatment remain
to be identified. However, STK1p was found to be a reliable
marker for monitoring the therapy of head and neck cancer
patients (n=138) (36), as reported for the first time in 2010.
The STK1p level decreased significantly after surgery or
chemotherapy, individually or in combination. The decrease
in STK1p values was notably more obvious following the
combined treatment as compared to individual treatment.
STK1p was also found to be correlated with the clinical reac-
tion to treatments (STK1p of PD patients > STK1p of CR/PR
patients) Thus, STK1p is likely to be a potential biomarker in
distinguishing between the outcome of surgery and/or chemo-
therapy in patients with head and neck cancer.

Lung cancer. STK1p was found to be a reliable marker for
the prognosis and monitoring of the treatment of non-small
cell lung carcinoma (NSCLC) patients (n=250) (17). STK1p
levels decreased significantly after surgery in non-metastatic
patients, but not in patients with metastasis, and increased
significantly with T-values and with clinical stage and invasive-
ness. However, no difference was detected in STK1p values
between SCC and adenocarcinoma (AC) types of tumor. Chen
et al (36) and Li et al (37) confirmed these results. STK1p was
also found to be correlated with the outcome of the therapy
(surgery and/or chemotherapy) (STK1p<CR<PR<SD<PD) and
with grades, lymph nodal status and tumor size (36).

Moreover, STK1p was compared to CYFRA2I1-1 and NSE
in patients with lung cancer (51). CYFRA2I1-1 and NSE are
serum markers commonly applied in lung cancer patients.
The three sera markers were significantly higher compared to
healthy individuals. The positive rates of STK1p, CYFRA21-1
and NSE were 74.4, 51.2 and 46.5%, respectively. Thus,
STK1p provides useful and probably more reliable informa-
tion on tumor cell proliferation in lung cancer, compared to
CYFRA21-1 and NSE.

Biomarkers alone or in combination have the potential
to be used for the clinical setting of treatment of lung cancer
(52-54). For example, STK1p, CEA, CA-125 or CA-199 were
used in a 6-18 month follow-up study (n=24). The STK1p
value decreased significantly after treatment. The positive
rates of these markers alone or in combination were found to
be correlated with the treatment outcome as follows: STK1p
(91.7%), CA-125 (86.7%), CEA (63.6%), CA-199 (61.6%),
STK1p + CA-125 (100%), STK1p + CEA (95.8%) and
STK1p + CA-199 (95.8%) (52).
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Haematological diseases. The main feature of haematological
diseases is cell proliferation. STKa has been a useful tool in
detecting these types of malignancies (1,3,4). Furthermore,
STK1p has also been reported to have prognostic significance
in patients with chronic lymphocytic leukaemia (CLL) (52,53).
STK1p was correlated with other prognostic factors frequently
used in the detection of this type of disease. The STKl1p level
was significantly elevated in patients with Binet C, higher levels
of serum lactate dehydrogenase (LDH) and b2-microglobulin
(b2-MG), un-mutated immunoglobulin heavy chain variable
(IGHYV) status, higher expression levels of ZAP-70 and CD38,
compared to patients with Binet A, lower levels of serum LDH
and b2-MG, mutated IGHV status, lower expression levels
of ZAP-70 and CD38. A strong correlation was observed
between the STK1p level and IGHV mutations or ZAP-70.
According to results of the ROC curve analysis of the STK1p
and IGHYV mutational statuses, the area under the curve was
0.757 (P=0.001) at an optimal cut-off value of a STKI1p level
of 1.75 pM, with a sensitivity of 0.64 and a specificity of 0.88.
High STKIp levels predict a poorer overall survival. STK1p
was also found to correlate with un-mutated immunoglobulin
variable region genes, expression of CD38 and ZAP-70, as well
as the subsequent risk of developing a large B-cell lymphoma
(Richter syndrome). Konoplev et al (78) confirmed these results
when using TK activity in serum. Their findings showed that
in a univariate COX analysis only Richter syndrome and STKa
were significant prognostic factors for overall survival. Thus,
STKIp is a predictive biomarker in CLL patients and may be
used to assess prognosis in these types of patients. In addition,
these results confirm that the dot blot chemiluminescent assay
(52,53) and TK-REA yielded corresponding results (78).

Zeng et al (54) showed for the first time that STK1p may
be used for monitoring tumor therapy in leukaemia. The levels
of STK1p were markedly different in patients with NR (n=22),
PR (n=20) and CR (n=8). Furthermore, no statistically signifi-
cant differences were found in STK1p values in CR patients
and healthy individuals, indicating the successful removal of
the tumors by the treatment. These results confirm that STK1p
has the potential to be used for assessing chemotherapy and
providing guidance for the adjustment of therapy in patients
with leukaemia.

For the first time, Pan ez al (55) showed that STK1p is
useful in predicting the outcome after treatment with CHOP
chemotherapy in patients with non-Hodgkin's lymphoma with
follicular small cleaved cell (n=13), follicular large cell (n=6)
and diffused large cell (n=18). The STK1p level prior to and
at 1 day and 4 weeks after chemotherapy was found to vary
significantly, while being correlated with the clinical response
(CR<PR<NR) and 5-year survival rate. These findings indicate
that STK1p may be of marked importance in the evaluation
of the treatment outcome and prediction of recurrence in
patients with non-Hodgkin's lymphoma. In a similar study
on follicular lymphoma (79) (n=170) STKa of pre-treated
patients was found to be a potentially independent predictive
factor of overall and progression-free survival (hazard ratio
2.91; P=0.019), as well as in ages above 60 years (hazard ratio
5.21; P<0.001).

Other types of malignancies. A limited number of studies has
been conducted on rectal carcinomas and carcinomas of the
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hepatoma and the brain, showing significantly higher STK1p
values compared to healthy individuals (18). The STKI1p
values of these patients regarding prognosis and follow-up
survival are currently under investigation.

The benefit of chicken IgY antibody in serum assay

The benefit of chicken antibodies (IgY) is that they do
not activate the human complement system, a well-known
source of interference in ELISA sandwich immunoassays
(31). Capture antibodies bound to a solid surface are potent
activators of the complement factors of an antibody, with the
activated complement factors reacting with the assay anti-
bodies, thus partly blocking the antigen-binding sites. Another
advantage is that rheumatoid factors (RF) do not bind to IgY.
RF is a major source of interference in many immunoassays,
reacting with the Fc-portion of mammalian IgG. The disease
usually associated with RF is rheumatoid arthritis, although
RF is also present in blood samples of patients with several
additional diseases, as well as of healthy individuals. Most
immunoassays using mammalian poly- or monoclonal anti-
bodies are subjected to RF binding, thus potentially providing
false-positive results. As RF does not bind to IgY, chicken
antibodies are useful in immunoassays, whereby RF might
interfere. Another interfering factor is human anti-mouse
IgG antibody (HAMA). An increasing number of patients
with various diseases are treated in vivo with monoclonal
mouse antibodies, often inducing an antibody response in the
patient, resulting in HAMA production. Chicken antibodies
do not react with HAMA, thus having the potential to be
used to eliminate such interference. Consequently, chicken
antibodies theoretically have the advantages over immunoas-
says containing mammalian antibodies, especially for tumor
marker assays, when mouse monoclonal antibodies were used
for tumor treatment, increasing the prevalence of HAMA.

Thus, serological TK1 concentration alone or in combi-
nation with routine health exam systems or other tumor
biomarkers has the potential to identify individuals with
pre-cancerous lesions or early malignancies (56-59). STK1p
is also useful for the prognosis and monitoring of treatment,
relapse and survival in cancer patients. The highly sensitive
chemiluminescent STK1p dot blot assay is a cost-effective test,
making it attractive to use in health screening, particularly in
developing countries.

TK1 immunohistochemistry in clinical oncology

Although TK1 is known to be closely correlated with cell
proliferation, the lack of useful anti-TK1 antibodies did not
promote TK1 immunohistochemistry. Using the monoclonal
TK1 antibody produced by our Sino-Swed TK1 research
group, Gasparri et al (14) compared the expression of TK1
with Ki-67, the most commonly used proliferation marker
in oncology at present. The expression was determined by
using high-content ArrayScan™ fluorescence microscopy.
The expression of TK1 started to increase 6-7 h subsequent
to serum re-addition to starved human normal dermal fibro-
blast cells, i.e., when the cells were still in the G1 stage of
the cell cycle. This increase occurred earlier than the onset
of the Ki-67 expression and hours before the initiation of the
DNA-synthesis (BrdU incorporation). Thus, a population of
activated G1 cells with higher TK1 compared to Ki-67 expres-
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Table III. TK1 expression of tumor tissues in relation to clinical parameters.

Type of tumor Stage Grade Relapse Survival Benign Health PCNA Ki-67
Breast Yes Yes ND ND > > > >, no diff.
Cervical Yes Yes ND Yes ND > ND >
Ovary Yes Yes Yes Yes ND > ND No diff.
Lung Yes Yes ND Yes > > ND ND
Colorectal Yes No ND ND ND > > ND
Renal cell carcinoma Yes Yes ND ND ND <,> ND >, no diff.
Prostate Yes ND ND ND > > ND ND

ND, not determined; >/<, TK1 expression is higher/lower in malignant patients compared to benign and healthy individuals; no diff., no differ-
ence in TK1 expression between malignant patients and benign and healthy individuals. PCNA, proliferating cell nuclear antigen.

sion were identified, showing that TK1 should detect a higher
proportion of proliferating cells compared to Ki-67. This was
found in patients with cervical and breast carcinomas, although
not in patients with ovarian carcinoma or RCC. The results of
the TK1 expression in tumor tissues during the last decade are
shown in Table III.

Breast carcinoma. The TK1 expression was examined in
three independent clinical studies and compared to the expres-
sion of proliferating cell nuclear antigen (PCNA) (22) and Ki-67
(62,63). TK1 was found mainly in the cytoplasm, however,
only to some extent in the nucleus. TK1 expression (LI) was
significantly higher compared to that of PCNA (60), as well as
higher in one of the two Ki-67 studies compared to Ki-67 (62).
The TK1 expression was significantly correlated with stage
and grade (60,62), particularly in stage II and grade II (62).
To investigate the possibility of using the TK1 expression to
confirm the diagnosis in pre-malignant breast cancer patients,
TK1 expression was determined in patients with usual ductal
hyperplasia (UDH), atypical ductal hyperplasia (ADH), ductal
carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC)
(64). TK1 expression was found to significantly increase in the
breast ductal carcinomas as follows: UDH<ADH<DCIS<IDC.
TK1 expression was correlated with the histological grade in
DCIS and IDC patients, as well as with the pathological stage
in IDC patients. The degree of TK1-positive rates (LI) in the
tumors of patients with ADH, DCIS and IDC was 80-90%,
while the corresponding value in UDH patients was <5%.
Expression of TK1 and Ki-67 showed extremely high corre-
lations in the four tumor groups investigated. Since the TK1
expression varied significantly in the breast ductal subgroups,
TK1 was confirmed to be a reliable proliferation marker for
the determination of breast tumor proliferation, particularly in
pre-cancerous lesions (ADH). This finding is likely to enable
timely treatment in early stages of tumor development using
minimal access surgery, thus avoiding extensive radical breast
surgery and improving survival rates and the quality of life.

Cervical lesions. The expression of TK1 and Ki-67 was
investigated in pre-malignant and malignant lesions of cervix
(64). TK1 was found both in the cytoplasm and the nucleus.
The LI of TK1 was significantly higher compared to Ki-67 in
CIN (n=216) and cervical carcinoma (n=84) patients. Both the
LI and intensity of the TK1 expression increased with the CIN

grades and pathological stages. The LI of Ki-67 was also corre-
lated with CIN grades and pathological stages, although there
was no change in the intensity of the expression. A high TK1
expression in the nucleus was correlated with a poor 5-year
survival in invasive cervical carcinoma patients, compared
to patients with a lower nuclear TK1 expression. Notably, in
invasive cervical carcinoma patients in the pathological stage
III/FIGO stages IIA-IV with poor prognosis, there was a
group of patients (~50%) with a low TK1 expression with good
survival (~80% survival rate). The Ki-67 expression did not
reflect this finding. Multivariate COX analysis showed that an
increased TK1 expression in the nucleus was an independent
prognostic factor in invasive carcinoma patients, although
this was not the case for Ki-67. Thus, the TK1 expression in
the nucleus of cervical lesions is a reliable prognostic factor
for the identification of the risk of developing malignancy in
CIN patients at an early stage and predicting the survival in
invasive cervical carcinoma.

Ovary carcinoma. Expression of TK1 and Ki-67 was
studied in ovarian serious adenocarcinoma (n=55) (65). The
LI of TK1 and Ki-67 were 72.2 and 80.0%, respectively.
TK1 was detected in the cytoplasm. TK1 and Ki-67 were
significantly correlated with pathological stage and grade,
tumor size, recurrence and a 10-year survival. Multivariate
analysis showed that TK1, but not Ki-67, was an independent
prognostic marker of stage, grade and age. Patients with
advanced tumor and low TK1 expression had a better survival
compared to patients with a high TK1 expression. Thus, a high
TK1 expression indicated a high risk of recurrence and poor
survival, suggesting intensive therapy and frequent follow-up.

Lung carcinoma. The expression of TK1 and Ki-67 was
compared in NSCLC of AC and SCC types (63). The LI of
TK1 was significantly higher (68%) in AC patients compared
to Ki-67 (36%), although no such difference was detected
in SCC patients. Thus, TK1 is a more reliable proliferation
marker than Ki-67 in AC patients, but not in SCC patients.

In a second study on pT1 lung adenocarcinoma (66), the
5-year survival was significantly less frequent in patients
with a high TK1 expression (LI >25%) compared to patients
with a low TK1 expression (LI <25%). TK1 expression and
tumor stage were found to be independent prognostic factors.
Additionally, patients with a stromal invasion grade III are



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

normally expected to have poor 5-year survival. TK1 expres-
sion had the potential to identify pT1 patients of stromal
invasion grade III with a low TKI1 expression and good
survival, rendering it possible to further improve the treat-
ment of these patients, possibly prolonging their survival or
even curing them. This is the first study to show that the TK1
expression in combination with stromal invasion is a more
reliable prognostic factor compared to stromal invasion clas-
sification itself, in patients with pT'l lung adenocarcinoma.

Colorectal carcinoma. Expression of TK1 and PCNA was
studied in 74 patients with colorectal malignancy (62). The LI
of TK1 was higher (65%) compared to PCNA (52%), although
without a statistically significant difference (P=0.171). The
markers showed a significant difference between colorectal
carcinoma and colorectal adenoma and were markedly corre-
lated with stage, although TK1 was correlated with the grades
only.

In a recent study, the TK1 expression was investigated in
relation to different types of colon polyps (n=122) 45). TK1
expression was significantly higher in polyp groups of adenoma-
tous, sessile colorectal, as well as =2 cm polyp group, compared
to the polyp group of non-adenomatous, pedunculated colorectal,
1 polyp group and healthy individuals. Therefore, TK1 expres-
sion has the potential to assess the proliferation rate of various
colonic polyp patient groups, as found for STK1p, and provide
an early warning of risk of developing cancer in the future.

RCC. Luo et al (67) examined the expression of TK1 and
Ki-67 in RCC (n=26). Immunohistochemistry and western
blot analysis showed that TK1 expression levels depend on
the source of RCC. Comparison of the expression of TK1 in
healthy kidney tissue to RCC tissue showed that the healthy
tissue had a higher TK1 expression, due to the high expression
of TK1 in tubular cells. These results confirmed the findings
of recent studies showing that tubular cells of healthy kidney
tissues are in an active G1 stage of the cell cycle. The low
expression of TK1 in renal carcinoma cells indicated the
low proliferation rate of this type of malignancy. Although
no difference was found in the expression of TK1 and Ki-67
in RCC patients in healthy kidney tissues the Ki-67 expres-
sion was absent. In their study, Gakis er al (68) detected a
higher TK1 expression in RCC tumor tissues compared to
oncocytomas and healthy kidney tissues. However, the TK1
expression level in RCC varied depending on the RCC type,
with a higher TK1 expression in the ccRCC and papRCC types,
while the TK1 expression in the chRCC type was similar
to that of healthy kidney tissues. TK1 was mainly detected
in the cytoplasm. TK1 expression was also correlated with
stage and grade. There was a trend, although not statistically
significant, for the TK1 expression to be higher in a smaller
tumor (<7 cm) compared to a larger one (>7 cm), likely due
to a lower proliferation rate in larger tumor of reduced nutri-
tion supply. Since the individual biological aggressiveness of
RCC is almost unpredictable, the authors of the present study
concluded that TK1 expression in RCC tumor tissues may
provide additional information to characterize the patient-risk
profiles and determine individual therapy.

Prostate carcinoma. Ye et al (69) investigated the expression
of TK1 and Ki-67 in patients with prostate carcinoma (n=42),
prostate intraepithelial neoplasia (PIN) (n=35), benign prostate
hyperplasia (BPH) (n=25) as well as in individuals with healthy
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prostate tissues (n=10). Almost no expression of TK1 was
detected in BPH and healthy prostate tissues, while 17.0% of
patients with PIN and 57.1% of patients with prostate carcinoma
demonstrated TK1 expression. The LI of Ki-67 in the prostate
carcinoma patients was 47.6%. Thus, TK1 expression has the
potential to be used as a cell proliferation index in prostate
carcinoma patients and to provide valuable information on treat-
ment and prognosis. In a recent study (70), the anti-TK1 mAb
developed by SSTK Inc., (clone 5) was found to induce specific
staining in prostate carcinoma tissue. TK1 mAb is therefore
useful for an accurate histopathological differentiation between
prostate carcinoma and healthy prostate tissue. Moreover, TK1
expression provided additional information on the recurrence
and metastatic behaviour, having the potential to identify high-
risk patients and to perform tailor-made treatment regimens. In
a multivariable analysis, an independent association between
TK1, T-stage and the development of metastatic disease was
detected (hazard ratio, 1.01; P=0.0007) (70).

5. Conclusion

Since 1980, TK1 has been used as a clinical marker for tumor
proliferation based on TK activity in serum, mostly in patients
with lymphoma and leukaemia, and to some extent in patients
with breast carcinoma. TK1 has almost no immunohistochem-
istry, due to a lack of useful anti-TK1 antibodies. The recent
development of new-generation chicken anti-TK1 (IgY) and
mouse monoclonal anti-TK1 antibodies improved extensively
the clinical use of TK1 in almost every type of solid human
tumors, for both serum and immunohistochemistry analyses.
Based on the clinical studies using the new generation of TK1
antibodies that were conducted thus far, TK1 is likely to become
the recommended marker for the prognosis as well as the moni-
toring of treatment and follow-up in cancer patients in the next
5-10 years. TK1 is also expected to be used in health screening
to predict the risk of future cancer development in individuals
with pre-cancerous and/or cancer-risk diseases. The sensitive
chemiluminescent TK1 assay is a useful tool, due to its high
sensitivity and specificity [ROC-value 0.96, likelihood (+) value
199.7], as well as its being an efficient and cost-effective assay.
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