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Thymidylate synthase and microsatellite instability in colorectal
cancer: Implications for disease free survival, treatment response and
survival with metastases
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Abstract

Background. Colorectal cancer (CRC) cell lines displaying microsatellite instability (MSI) are resistant to 5-fluorouracil (5-
FU) in vitro, which can be overcome by restoring DNA mismatch repair (MMR) competence. Thymidylate synthase (TS) is
inhibited by 5-FU, being another potential mediator of therapeutic resistance to 5-FU. The clinical relevance of these
observations remains unclear. Objecrive. We examined the expression of T'S and two MMR proteins (hMLH1 and hMSH2)
in advanced CRC patients, to determine a) their mutual relationship, b) association to therapeutic response and c) impact
on disease outcome. Material and methods. Tumour samples from 73 patients CRC who were treated in advanced stage with
either irinotecan alone or in combination with 5-FU/leucovorin, were analysed for expression of TS, hMLH1 and hMSH?2
using immunohistochemistry (IHC). Results. TS expression was closely correlated with hMLH]1 expression (negative-weak/
moderate-strong) (p =0.0001). TS-MMR expression was significantly (p =0.029 for whole series; p =0.004 for the 5-FU
treated cases) related to response to treatment; tumours with low levels of both TS and MMR responded better (n =14/27,
51.8%) than those with high TS and MMR (n =3/18, 16.6%). Patients with high TS-MMR expression had a significantly
longer DFS (47 months vs. 9months, n =26) than those with low TS-MMR index (p =0.015), while the reverse was true
concerning survival with metastases (WMS) (p =0.018) in all the patients (n =73). Conclusions. The present data suggest
that MSI patients with low TS and deficient MMR demonstrate a significantly shorter DFS and longer WMS than patients
with high expression of both markers, and they are also more likely to obtain the greatest benefit from 5-FU based
chemotherapy.

Colorectal cancer (CRC) is the second most fre-
quent cancer in Europe in 2004, responsible for 13%
(376 400) of all incident cancer cases. It is also the
second most frequent cause of cancer mortality in
Europe, with 11.9% (203 700) annual deaths [1]. In
the early stages, CRC is often a curable disease, but
the overall prognosis is determined by the extent of
local and particularly metastatic tumour spread.
However, disease outlook is relatively poor for
advanced disease and thus is a significant cause of
worldwide cancer-related mortality [1].
Fluoropyrimidine metabolites form a covalent
complex with thymidylate synthase (T'S). Formation
of this complex prevents biosynthesis of intracellular
thymidylate, which is essential for DNA biosynth-
esis. TS over-expression is an independent prognos-

tic factor in different human cancers. High TS levels
in hepatic metastases and resection margins are
independent predictors of disease progression and
survival in patients with metastatic CRC [2]. Similar
results have been reported in other tumours e.g.
gastric, [3] cervical, [4] ovarian and head and neck
cancers, where TS positive tumours have shown
significantly worse outcome as compared to TS
negative tumours.

Most CRCs display a phenomenon termed geno-
mic instability. There are apparently two forms of
genomic instability, which probably reflect different
genetic pathways of tumorigenesis, microsatellite
instability (MSI) and chromosomal instability (CI)
[5]. MSI is observed at the nucleotide level, fre-
quently resulting in deletions or insertions of a few
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nucleotides. The inherent instability of microsatellite
loci is primarily due to changes in the number of
repeats during DNA replication because of ineffi-
ciencies in the DNA mismatch repair (MMR)
system. This system normally identifies and repairs
errors that may occur during DNA replication.

In experimental systems CRCs displaying MSI are
resistant to 5-FU, which can be reverted by restoring
DNA mismatch repair (MMR) proficiency [6]. TS is
inhibited by 5-FU, being another potential mediator
of therapeutic resistance to 5-FU. Despite this
potential link, data on mutual interactions between
TS and MMR and their prognostic significance in
CRC are emerging only recently [7-9]. The clinical
significance of these markers needs further assess-
ment.

In this study, we examined the expression of TS
and two MMR proteins, hMLH1 and hMSH2, in
advanced CRC patients, to determine their inter-
relationships as well as their influence on response to
chemotherapy and impact on patient survival.

Patients and methods
Patients, trearment and follow-up

A series of 73 patients were diagnosed and treated
for stage II, III, and IV CRC at the Department of
Oncology and Radiotherapy, Turku University Hos-
pital (TUH) and six other hospitals of the same
hospital district, between January 1996 and August
2003. The key clinical characteristics of the patients
are summarized in Table 1.

At the time of diagnosis, 12 patients had stage II,
14 had stage III and 47 had stage IV disease. When
patients received metastases or inoperable local
recurrence, they were entered into the chemotherapy
protocol. In the protocol, patients received one of
two treatment regimes; 18 received irinotecan alone
and 55 received a combination of irinotecan,
5-fluorouracil (5-FU) and folinic acid (FA) as first
line treatment for metastatic disease. Irinotecan
(350 mg/m?) was administered as a 60-90 min
intravenous infusion every 3 weeks. In the combina-
tion regimen, irinotecan (180210 mg/m?) was
administered as 60-90 min intravenous infusion
and 5-FU (500 mg/m?, i.v. bolus) modulated with
folinic acid (FA) (60 mg/m?, i.v. bolus). The 5-FU/
FA administrations were repeated again on the
following day. The cycle was repeated every 2 weeks
[10]. The mean duration of chemotherapy was 6.5
months (+3.6). Treatment was continued until
disease progression, or occurrence of unacceptable
toxicity

Fifteen of 73 (20.5%) tumours were located in the
rectum. None of them have received neoadjuvant

Table I. Characteristics of the patients and their tumours at
diagnosis.

Variable Total Patient Group N (%)
Patients 73 (100)
Female 27 (37)
Male 46 (63)
Age (yrs)

Mean (SD) 57.9 (10.0)
Tumour localisation

Rectum 15 (20.5)

Left Colon 31 (42.5

Right Colon 20 (27.4)

Transverse Colon 7 (9.6)
Primary Tumour Status*

T1 0 (0)

T2 5 (6.8)

T3 46 (63.0)

T4 15 (20.5)
Primary Nodal Status*

NO 20 (27.4)

N1 39 (53.4)

No data 14 (19.2)
Histological Tumour Grade

Grade I 10 (14.3)

Grade II 47 (67.1)

Grade IIT 13 (18.6)
Stage*

I 12 (17)

III 14 (19)

v 47 (64)
Localisation of Metastases

Liver 31 (42.5)

Lung 2 (2.7)

Multiple 36 (49.3)

Local 4 (5.5)
Disease-Specific Survival (months)

Mean (SD) 32.6 (24.8)

Disease-Specific Outcome
Alive 11 (15.1)
Died of Disease 62 (84.9)

*TNM classification [31].

radiotherapy since this was not the practice of our
clinic at the time the patients were enrolled in study.

The patients were followed-up until the end of
January 2005; mean follow-up time from diagnosis
was 32.6 months (+24.8 months). We used three
endpoints to calculate the patient survival: a) dis-
ease-free survival (DFS) this was calculated in 26
patients with stage II, III at diagnosis; b) overall
disease-specific survival (DSS), and c) survival with
metastases (WMS). DFS is the time from diagnosis
to the appearance of metastatic disease, and relevant
only for those patients with radically operated stage
I1, III patients at the time of diagnosis (n =26). DSS
is the time from diagnosis to death or to the time
point when last seen alive at the clinic and calculable
for all patients in the study. WMS was calculated
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from the date of recording the appearance of disease
recurrence/metastases at the clinical visit, until to
death or to the time point when last seen alive.

The study was approved by the TUH Ethical
Committee and was conducted in accordance with
the Declaration of Helsinki. Samples were collected
with the endorsement of the National Authority for
Medico-legal Affairs.

Immunohistochemical detection of Thymidylate synthase
(TS) and hMLHI1 and hMSH?2. Seventy-three for-
malin-fixed, paraffin-embedded samples of the pri-
mary tumours were obtained from 73 patients.
Sections were cut serially at 5 pm for routine
haematoxylin and eosin staining and for immuno-
histochemical analysis. An experienced pathologist
confirmed all histological diagnoses.

TS expression was studied immunohistochemi-
cally using monoclonal antibody (Mouse Clone TS
106, Zymed Laboratories Inc) diluted in 1% bovine
serum albumin/Tris-buffered saline (1:25). Expres-
sion of hMLH1 and hMSH2 was studied using
antibodies against hMLH1 and hMSH2 (Mouse
anti-MLH1, Clone 14 and Mouse anti-MSH2,
Clone FE11, Zymed Laboratories Inc.) diluted in
1% bovine serum albumin/Tris-buffered saline (1:50
or 1:100 respectively). The Detection was performed
using the streptavidin-biotin method (Vectastain
ABC kit). Formalin-fixed paraffin embedded sec-
tions were de-paraffinised in xylene, rehydrated in
graded alcohol, immersed in 0.01M citrate buffer
(pH 6.0), heated in a domestic microwave oven at
full power for 2 x5 min and left in the buffer to cool
to room temperature. The sections were incubated
in 0.3% hydrogen peroxide for 20 min to block
endogenous peroxidase activity. Incubation with the
primary antibodies diluted in 1% bovine serum
albumin/Tris-buffered saline, were carried out over-
night in a humid chamber at 4°C. The following day
the slides were washed and incubated first with the
biotinylated secondary antibody (30 min, 20°C),
then with avidin-biotin-peroxidase complex (30 min,
20°C). Positive staining was visualised with 3,3’
diaminobenzidine (DAB) substrate solution and
the sections were counterstained with Mayer’s hae-
matoxylin. As negative controls, slides were pro-
cessed with the omission of the primary antibodies.

Evaluation of TS and hMLH1 and hMSH2 expression.
Two observers (RB, HL) assessed the expressions of
TS and (hMLH1 & hMSH?2) the expression of TS
was first screened for an overview of the general
staining pattern. Four pictures of each slide covering
most of the tumour area, were taken with a light
microscope (4 x magnification) connected to a cam-

era and AnalySIS v 3.00 software (Soft Imaging
System GmbH, Munster, Germany). The expres-
sion of the TS in the four pictures was analysed using
Imaging Research Inc., St. Catharine’s, Ontario,
Canada), which detected the brown colour of the
positively stained tumour cells and counted the area
of those cells in pixels and also counted in pixels the
total tumour area. The percentage of the positively
stained tumour cells from the whole tumour area was
counted and used in further analysis. This method of
evaluating the TS expression was able to distinguish
between the presence of many cells expressing low
amounts and a few cells expressing high amounts of
TS such that the percentage of the TS expression
reflected total TS expression in the tumour, which
may be more relevant biologically.

The expression of (hMILLH1 and hMSH?2) was first
screened for an overview of the general staining
pattern. Loss of expression was recorded when
nuclear staining was absent from cancer cell nuclei
but preserved in normal epithelium and stroma.
Tumour expression was classified as weak, moderate
or strong relative to the expression of normal epithe-
lial and stromal cells present in that tumour section.
Evaluation and scoring of the IHC slides was carried
out without knowledge of the clinical data.

For statistical purposes, the expression profiles of
each marker were treated as dichotomous variables,
where tumours with negative or weak expression of
either hMLH1 or hMSH2 were one category (re-
duced expression), and all those with moderate or
strong expression were grouped into the second
category (normal expression). For TS, we used
median values as cut-off to build up the dichoto-
mous variable of low- and high TS expression. In
addition, combined TS-MMR indices were created,
using the dichotomous MMR variables and TS
variables (median cut-offs), resulting in four possible
combinations of TS/MMR: low/low; low/high; high/
low; and high/high. Finally, these were converted to
a 3-class index as follows: class 1, TS/ MMR, low/
low; class 2, TS/MMR, low/high or high/low; and
class 3, TS/MMR high/high.

Statistical analysis

Statistical analyses were performed using the SPSS®
(SPSS, Inc., Chicago, USA) and STATA (Stata
Corp., Texas, USA) software packages (SPSS for
Windows, version 13.0.1 and STATA/SE 9.2). Fre-
quency tables were analysed using the y? test, with
likelihood ratio (LR) or Fisher’s exact test being used
to assess the significance of the correlation between
categorical variables. Differences in the means of
continuous variables were analysed using non-para-
metric tests (Mann-Whitney or Kruskal-Wallis tests)
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for 2- and multiple independent samples, respec-
tively. ANOVA (analysis of variance) was only used
for deriving the mean values of in each strata.
Univariate survival (life-table) analysis for the out-
come measure (disease-specific survival (DSS), dis-
ease-free survival (DFS), and survival with metastases
(WMS) was based on Kaplan-Meier method, and the
groups were compared with the log-rank (Mantel-
Cox) test. In all tests, the values p <0.05 were
regarded statistically significant.

Results

TS and MMR (hMLH1 and hMSH?2) expressions
were assessed using the median cut-off values, and
the lesions were classified as low- and high expres-
sion categories (Figure 1). High TS expression was
directly related with hMLH1 (p =0.0001) but not
with hMSH2 (p =0.174) expression, dichotomized
as negative-weak and moderate-strong.

In the next step, the different combined TS-MMR
indices were related to all clinical variables recorded,
including the response to treatment and survival
(DSS and DFS) rates. TS-MMR expression was
significantly related to treatment response, as shown
in Table II. Using the 3-class indices, tumours with
low levels of both TS and MMR responded better
(52%), as compared with those showing high TS and
MMR (17%) (p =0.029). This same difference was
even more accentuated among the 55 patients who
received a combination of 5-FU plus FA with
irinotecan; 63%, and 9%, respectively (p =0.004).

Patients with high TS-MMR expression presented
with a significantly longer (47 months vs. 9 months)
DFS than those with low TS-MMR index (p=
0.015). In univariate (Kaplan-Meier) survival analy-
sis, this difference in DFS was also significant (n =
27; p=0.028) (Figure 2). In contrast, the patients
with low TS-MMR index experienced a significantly
(p =0.019) longer survival with metastases (WMS)

Figure 1. Examples of high (a), low (b) expression of hMILLH1, and high (c), low (d) expression of hMSH2 (c, d). High /Low staining and

TS staining (e, f) High/ Low (X20).
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Table II. TS-MMR expression* and response to treatment in the
whole series and in patients treated with combined (5-FU) plus
Irinotecan.

All Patients: Response
TS/MMR Index No. Patients N (%)
Both Low 27 14 (52)
High/ Low or Low/ High 28 14 (50)
Both High 18 3 (17)
Total 73 31 (42)
Chi-square test,
p =0.029
Patients on Combined 5-FU plus Irinotecan: Response
TS/MMR Index No. Patients N (%)
Both Low 22 14 (63)
High/ Low or Low/ High 22 14 (50)
Both High 11 109
Total 55 29 (53)

Fisher’s Exact
test, p =0.004

*the 3-class TS- MMR index with median TS cut-off values.

(Figure 3). Accordingly, the median WMS was 28.1
months for those with low-low TS-MMR index,
16.2 months for those with high-low or low-high,
and only 11.3 months for those who had both TS
and MMR index high (p =0.018, ANOVA). How-
ever, TS-MMR index was not significantly related to
DSS in univariate analysis (p =0.226) (data not
shown in figures).

We have 26 patients with stage II, III, 11 who did
not receive adjuvant and 15 who did receive. There
was NOT a significant difference in WMS between
the two groups: 20.8 months for those who received
adjuvant and 33.2 months for those who did NOT
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Figure 2. TS-MMR expression and disease free survival (DFS) in
univariate (Kaplan-Meier) analysis.
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Figure 3. TS-MMR expression and survival with metastases
(WMS) in univariate (Kaplan-Meier) analysis.

receive adjuvant. p =0.142 (ANOVA), and p=
0.235 (Mann-Whitney).

TS and MMR expression was not significantly
associated with any other clinico-pathological vari-
ables, including patient’s age, sex, TNM status,
Grade, Stage or carcinoembryonic antigen (CEA)
levels.

Discussion

For locally advanced and metastatic CRC, fluoro-
pyrimidine, 5-fluorouracil (5-FU) has been the
standard cytostatic drug for the last 50 years, used
as modulated by leucovorin and in combination with
irinotecan or oxaliplatin. An increase in TS protein
levels has been suggested to be an important
mechanism of resistance to chemotherapy with
fluoropyrimidines [11]. TS has been suggested as a
prognostic factor of survival in CRC [12-16] and a
predictor of response to 5-FU therapy [12,13,17,18]

In a previous study, we reported that higher levels
of TS were associated with shorter survival in CRC
patients and with low response rate to therapy [19].
The present study is a continuation of this work, by
comparing TS expression with the expression of
MLH1 and MSH2. Investigation of DNA MMR
status in CRC is relevant for several reasons: loss of
one of the DNA MMR genes leads to the rapid
accumulation of mutations. In addition an increased
risk of tumorigenesis for example colorectal cell lines
deficient in MMR show higher accumulation of
other mutations and deletions [20,21]. Germline
mutations in the MMR genes are known to result
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in hereditary non-polyposis colorectal cancer
(HNPCC), and somatic alterations [22] or hyper-
methylation [23,24] in this group of genes can result
in the MSI found in approximately 10-15% of CRCs
[25,26].

To our knowledge only three studies have been
published on CRCs reporting the interrelation of TS
and MMR markers [7-9]. Sinicrope et al. studied a
group of patients with Dukes’ B2 and C-CRC who
received 5-FU as adjuvant therapy and reported that
the tumours with high frequency of MSI had an
earlier stage at presentation and showed a better
stage-adjusted survival rates. They also showed that
the MSI status and TS expression were unrelated,
and was of no prognostic significance, implicating
that TS levels cannot explain the therapeutic resis-
tance to 5-FU reported in tumours with high
frequency of MSI [7]. The second study by Ricciar-
diello et al. examined a group of patients with
Dukes’ B, C and D and reported that tumours
with MSI and defective MMR system show high
expression of TS, indicating that also the tumours
with high levels of TS do respond to chemother-
apeutic agents [8]. Popat et al. showed no relation-
ship between MMR status and TS in a group of
patients with stage A, B and C [9].

Importantly, our study shows, for the first time the
relationship between these two key molecules in a
group of patients with locally advanced or metastatic
CRC receiving similar treatment. Other studies have
only hypothesized their relationship with treatment,
whereas with the clinical data available in this study
we have been able to assess this relationship [8]. In the
present study, we calculated a variety of indices to
measure this TS-MMR co-expression, and these were
related to different clinical variables, response to
treatment and tested as predictors of disease outcome
(DSF, DSS and survival with metastases). Of interest
is the observed direct relationship between TS and
hMILH]1, with low- vs. high levels of TS correlating to
those of hMLH]1, respectively (p =0.0001). This is
the first study to establish such a direct relationship
between hMLH1 and T'S. Previously, Ricciardiello et
al. reported an inverse correlation between hMLH1
and TS [8], whereas the other two published studies
could not establish any relation between MMR and
TS [6,8].

Despite the clear-cut experimental data implicat-
ing that CRC cell lines displaying MSI are resistant
to 5-FU in vitro, which can be overcome by restoring
their MMR competence [21], controversy exists as
to the clinical significance of these observations, i.e.,
resistance/sensitivity of MMR deficient CRC tu-
mours to 5-FU based therapies. Thus, Liang et al.
reported increased survival in patients with stage IV
disease and MSI in their tumours, treated with 5-FU

and leucovorin, suggesting that this may be due to an
increased chemosensitivity in MSI tumours [27]. In
contrast, Rosty et al. were unable to discriminate the
response to therapy in advanced CRC according to
their MSI status [28]. In the adjuvant setting, the
results are more uniform, however. Accordingly,
Elsaleh et al. found that tumours with the
MSI+ phenotype appeared to be more sensitive
to fluoropyrimidine-based chemotherapy, showing
improved survival [29]. Similarly, Hemminki and
co-workers reported that patients with MSI+
tumours who receive 5-FU-based adjuvant che-
motherapy had an excellent prognosis [30].

These clinical observations are seemingly contra-
dictory to the in vitro data [21], while implicating that
CRCs with MSI are, in fact, more sensitive to 5-FU-
based therapies than their MMR competent counter-
parts [26,28]. Our present observations are in align-
ment with these recently reported clinical
observations. Thus, we also showed that tumours
with low expression of TS and MMR (=MSI+)
appeared to be more sensitive to chemotherapy
(Table II). Accordingly, of the 28 patients with
tumours showing low TS and MMR expression, 14
(52%) demonstrated an objective treatment re-
sponse, as compared with only 17% of those with
high TS-MMR index. This difference was even more
marked in the group of patients (n =55) who received
5-FU containing therapy; 63% vs. 9% (p =0.004). In
the light of these data and other published reports
[26,28], it seems feasible to speculate that tumour
cells’ ability to repair DNA damage (i.e., their MMR
status) should influence on their response to che-
motherapeutic agents that cause the DNA damage.
One would expect that, if this capacity is well retained
(i.e., high MMR index), the response to DNA
damaging agents (like 5-FU) would be more modest
than in cases where MMR fails (i.e., low MMR
index). The latter should lead to accumulation of
mutations that might increase the sensitivity of the
tumour cells to cytotoxic agents, while in the former
case; there may be reduced sensitivity to treatment
also if the normal apoptotic response to accumulated
DNA damage is dysregulated.

As to the patient survival, there was a significant
correlation of TS-MMR expression with DFS, in
that the patients with high TS-MMR index had a
longer DFS (Figure 2). No such effect was shown to
DSS, which was not significantly different among
the patients with low- and high TS-MMR indices.
However, patients with low TS-MMR index (who
responded well to treatment) seemed to obtain a
significant advantage in their survival time with
metastases, being 28.1 months for those with low-
low TS-MMR index, 16.2 months for those with
high-low or low-high, and only 11.3 months for
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those who had both TS and MMR index high (p =
0.018, ANOVA). Taken together, this suggests that
the longer DFS among high TS-MMR index pa-
tients (with poor response to treatment), is compen-
sated by their shorter survival with metastases,
leading to equalised overall survival (DSS) times
between the low- and high TS-MMR-index patients.

This failure to ascribe an impact on DSS to TS-
MMR index does not invalidate, however, the
practical implications of these observations, of which
two are the most obvious ones. First, patients with
high TS-MMR expression seem to have a signifi-
cantly longer DFS than those with low TS-MMR
index. Those with intermediate (Class 2) index, also
have a DFS intermediate (18 months) between these
two extremes. On the other hand, these high
expressors seem to respond purely to the therapeutic
regimes used. Second, patients with low TS-MMR
index are likely to be good responders to chemother-
apy, and obtain a short benefit of survival with their
metastatic disease. This survival advantage does not
seem to be long enough to compensate their shorter
DEFS and to bring a net gain in their overall survival.

To summarise, the present data suggest that
patients with advanced and metastatic CRC whose
tumours have low TS and deficient MMR demon-
strate a significantly shorter DFS, as compared to
patients with high expression of these markers.
However, these patients with low TS and MMR
deficient tumours are also more likely to obtain the
greatest benefit from chemotherapy.
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