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Abstract

AIM: To investigate the predictive value of Ki67 and
p53 and their correlation with thymidylate synthase (TS)
gene expression in a rectal cancer patient cohort treated
according to a standardized recommended neoadjuvant
treatment regimen.

METHODS: Formalin fixed, paraffin embedded pre-
therapeutical tumor biopsies (7 = 22) and post-
therapeutical resection specimens (7 = 40) from patients
with rectal adenocarcinoma (clinical UICC stage 1/1I)
receiving standardized neoadjuvant 5-fluorouracil (5-FU)
based chemoradiotherapy were studied for Ki67 and
p53 expression by immunohistochemistry and correlated
with TS mRNA expression by quantitative TagMan real-
time PCR after laser microdissection. The results were
compared with histopathological tumor regression
according to a standardized semiquantitative score
grading system.

RESULTS: Responders (patients with high tumor
regression) showed a significantly lower Ki67 expression
than non-responders in the pre-therapeutical tumor
biopsies (81.2% vs 16.7%; P < 0.05) as well as in
the post-therapeutical resection specimens (75.8%
vs 14.3%; P < 0.01). High TS mRNA expression was
significantly correlated with a high Ki67 index and low
TS mRNA expression was significantly correlated with a
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low Ki67 index in the pre-therapeutical tumor biopsies
(corr. coef. = 0.46; P < 0.01) as well as in the post-
therapeutical resection specimens (corr. coef. = 0.40;
P < 0.05). No significant association was found between
p53 and TS mRNA expression or tumor regression.

CONCLUSION: Ki67 has, like TS, predictive value in
rectal cancer patients after neoadjuvant 5-FU based
chemoradiotherapy. The close correlation between Ki67
and TS indicates that TS is involved in active cell cycle
processes.

© 2008 WJG. All rights reserved.
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INTRODUCTION

According to the results of the German Rectal Cancer
Study Group (CAO-/AIO-/ARO-94 trial) pre-
operative (neoadjuvant) 5-fluorouracil (5-FU) based
chemoradiotherapy (CT/RT) is now the recommended
therapy regimen for rectal cancer UICC stage I /T,

The antimetabolite 5-FU plays a central role in the
treatment of colorectal cancer and, additionally, was shown
to enhance the effectiveness of radiation therapy in the
treatment of rectal cancet™. One of the most important
molecular targets of 5-FU is thymidylate synthase (TS),
which is essential for the de novo DNA synthesis!l.

Several clinical studies have shown that high TS
expression is a predictive marker for a low sensitivity to
adjuvant 5-FU-based chemotherapy in colorectal cancer.
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Furthermore, high TS expression is also a prognostic
marker for poor disease free and overall survival in
colorectal cancer patients not treated with chemotherapy
after surgery?l. Recently, we demonstrated that high TS gene
as well as protein expression predicts low therapy-induced
tumor regression in neoadjuvantly treated rectal cancer,
thus indicating poor treatment efficacy®”. In addition, we
showed that persistent positive lymph node status and high
TS gene expression after pre-operative 5-FU-based CT/RT
are predictive for the development of cancer recurrence
and therefore for an unfavorable prognosis in patients with
rectal cancer UICC stage I /T .

Since TS is mandatory for DNA synthesis, there is a
close relationship between TS expression and proliferation
rate: the faster the cell proliferation, the higher the TS
expression and activity™!".

The Ki67-antigen recognizes the nuclei of proliferating
cells throughout the cell cycle, with the exception during
the GO and early G1 phases. Several studies showed that
a high S-phase fraction is associated with a greater risk
for tumor recurrence and diminished survival in the
adjuvant setting, although this has not been universally
observed!"'.,

Mutations in p53 were found in 40% to 60% of
patients with colorectal cancer!™. Several clinical studies
showed a variable, and particular controversial role of the
P53 status with regard to therapy response and prognosis
in the neoadjuvant and adjuvant setting, respectively,
depending on the kind of treatment and the p53 detection
technique used"*'". Generally, mutation ot overexpression
of p53 seems to be associated with an unfavorable
prognosis for patients with locally advanced colon
cancet™?. However, thete ate also investigations with
contrary results or without any associations!""?'%. Thus,
the role of p53 as a predictive or prognostic marker is still
controversial.

The aim of this study was to examine the predictive
value of p53 and Ki67 alone or in combination with TS in
patients with locally advanced rectal cancer neoadjuvantly
treated with 5-FU based CT/RT. Furthermore, the

association between both markers and TS was investigated.

MATERIALS AND METHODS

Patients and treatment

Surgical specimens from 40 patients (male: # = 33; female:
n = T7; median age = 62 years) with rectal adenocarcinoma
(cUICC stage I /), histopathologically proven by rectal
biopsy between 1998 and 2001 at the Department of
General Surgery, University Medical Center, Gottingen,
Germany were analyzed. In all patients, locally curative
(RO) tumor resection was achieved after standardized pre-
operative CT/RT. During radiotherapy with a total dose
of 50.4 Gy (single dose 1.8 Gy delivered in 28 fractions)
5-FU was administered as a 120-h continuous intravenous
infusion of 1000 mg/m?* per day during the first and fifth
weeks. Standardized surgery including total mesorectal
excision was scheduled 5 wk after completion of pre-
operative treatment and clinical restaging. All patients of
this study received the same therapy protocol according
to the CAO-/AIO-/ARO-94 trial of the German Rectal

Cancer Study Group!. Treatment was completed by
post-operative application of 4 cycles of bolus 5-FU
chemotherapy. The trial was approved by the medical
ethics committee of the University of Géttingen (No
20-9-95).

Assessment of tumor regression

Histopathological tumor regression was graded according
to the semiquantitative 5-point tumor regression grading
(TRG) system proposed by Dworak ¢z o/ TRG 0 = no
regression; TRG 1 = dominant tumor mass with obvious
fibrosis or mucin; TRG 2 = dominantly fibrotic or
mucinous changes with few tumor cells or groups; TRG
3 = very few tumor cells in fibrotic or mucinous tissue;
TRG 4 = no tumor cells, only fibrotic or mucinous mass
(total regression ot response)®. As previously described,
samples with dominant fibrous tissue (TRG 2 to 4) were
defined as responders, those with dominant tumor mass
(TRG 0 and 1) were defined as non-responders!®.

Microdissection, RNA extraction, and quantitation of TS
gene expression

Microdissection of the tumor was performed by laser
microbeam technique using the P.A.L.M. Robot-Micro-
beam (P.A.L.M. Bernried, Germany). Tumors in form of
macroclusters (> 3 mm) or tumor areas with little fibro-
sis were manually microdissected using sterile needles.
Extraction of total RNA from formalin-fixed, paraffin-
embedded tissue was done as previously described'.
RNA was transcribed into cDNA using M-MLV reverse
transcriptase (Invitrogen, Karlsruhe, Germany) and
random hexamers (Amersham Pharmacia, Freiburg,
Germany) according to the manufacturet’s instructions.
TS-cDNA was quantified by TagMan real-time PCR in
relation to beta-actin cDNA using the standard curve
method. cDNA obtained from HT29 cell line was used
as a standard. Primer sequences were based on the Gen-
Bank accession numbers AB004047 (gene sequence of
beta-actin) and X02308 (gene sequence of TS). PCR con-

ditions used have been described™.

Immunohistochemistry

Protein expression was assessed on 2-um sections of
paraffin-embedded tissue samples. Deparaffinization
and heat-induced antigen retrieval were done in PT
Module™ (PTM) buffer (Lab Vision Cotporation,
Fremont, CA, USA) in a pressure steam-cooker at 98
C for 45 min. The slides were cooled down at room
temperature for 20 min and then loaded onto a Lab
Vision Microm 2D automated cell stainer (Microm,
Walldorf, Germany). Endogenous peroxidase activity was
inhibited by incubating the slides in 3% H,O, for 10 min.
The tissues were incubated at room temperature with the
primary MIB1 antibody (DAKO, Hamburg, Germany)
at a 1:400 dilution for 30 min and the primary p53 DO-1
antibody (Calbiochem, Frankfurt, Germany) at a 1:50
dilution for 30 min, respectively. The slides were then
incubated with a biotinylated secondary antibody for 15
min, and after this incubated with avidin-biotinylated
peroxidase complex (ABC) for 15 min. The chromogen
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Table 1 Tumor regression after neoadjuvant chemoradiotherapy’

[6]

Histopathological tumor regression

Primary tumor (downsizing)

Tumor stage (downstaging)

ypT TRGO TRG1 TRG2 TRG3 TRG4 ypuicc TRGO TRG1 TRG2  TRG3 TRG4
0 - - - - 3 0 - - - - 2
1 - - 1 - I - 2 3 4 -
2 - 2 4 6 - I 1 2 4 3 -
3 1 3 10 8 - il - 3 7 7 1
4 - 2 - - v = . = 1 .
Total 1 7 14 15 3 Total 1 7 14 15 3

Figure 1 Rectal adenocarcinomas with different tumor regression grade (TRG)
after preoperative chemoradiotherapy: dominant tumor with obvious fibrosis in a
non-responder, TRG1 (A); dominant fibrosis with very few tumor cell groups in a
responder, TRG3 (B).

3, 3-diaminobenzidine (DAB; 0.6 mg/mlL) was applied
for 2 min X 4 min. The tissues were counter-stained with
Mayer’s hematoxylin. In each experiment positive and
negative controls were included; isotype controls were
done and proved negative.

Evaluation of immunohistochemistry

The immunostained sections were independently reviewed
by two investigators (C] and DEA). Conflicts in scores
were resolved by consensus. For the tissue evaluation
of Ki-67, each slide was scored based on the percentage
of positively stained malignant nuclei. The following
ranges were used: 0% to 20%, > 20% to 40%, > 40% to
60%, > 60% to 80%, and > 80% to 100%. According to
the recommended classification in previous studies®*",
samples with Ki67 nuclear staining equal or above 40%
were considered having a high proliferative index, whereas
nuclear positivity below 40% was considered a low
proliferative index. P53 was considered overexpressed
when = 10% of the malignant nuclei were positive. If
fewer than 10% of the nuclei were stained, the slide was
scored as having normal p53 expression.

Statistical analysis

The correlation between expression levels in tumor
biopsies and resection specimens was evaluated with linear
regression analysis. The correlation between TS and Ki67
or p53, respectively, was evaluated with the students-#
test. For TS gene expression, the maximal y* method was
adapted to determine which cut-off value best separates
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tumors into low and high expression subgroups®?.. The
correlation between TS, Ki67, and p53 expression and
tumor regression was assessed with the chi-square test.
The combination of the marker expressions was tested
regarding a better discrimination between responders and
non-responders with a multivariate discriminant analysis. P
values < 0.05 were considered statistically significant.

RESULTS

Pre- and post-therapeutical tumor stage and
histopathological tumor regression

The results of the histopathological tumor regression
after neoadjuvant CT/RT with respect to downsizing and
downstaging have been reported previouslyl”. The data
are summarized in Table 1. According to our criteria, eight
tumors were non-responders and 32 were responders.
Representative examples of tumors with different
regression grades are shown in Figure 1.

TS gene, p53 and Ki67 protein expression

The median of TS gene expression in pre-therapeutical
tumor biopsies and post-therapeutical resection specimens
was 1.07 and 0.70, respectively.

Tumor cells showed a nuclear staining pattern for Ki67
or p53. Cytoplasmic (without nuclear) immunoreactivity
was not encountered. Epithelial cells located in the
generative zone and the basal layers of normal rectal
mucosa were consistently immunoreactive for Ki67.
No apparent p53 expression was detected in the non-
neoplastic cells. Representative immunohistochemical
staining examples are shown in Figures 2 and 3.

Correlation between TS, Ki67, and p53 expression and
tumor regression in pre-therapeutical rectal biopsies and
post-therapeutical resection specimens

Low TS gene expression and low Ki67 expression,
respectively, were significantly associated with high tumor
regression (response) in the pre-therapeutical tumor
biopsies as well as in the post-therapeutical resection
specimens. No significant association was found between
TS gene and p53 protein expression. The results are
summarized in Tables 2 and 3.

Comparison of expression levels between
pre-therapeutical biopsies and post-therapeutical
resection specimens

A significant correlation between pre-therapeutical tumor
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Figure 2 Ki67 expression in post-therapeutical resection specimens. High
proliferative index with more than 90% positive nuclei (magnification  10; insert: x
40) (A), and low proliferative index with less than 40% positive nuclei (magnification
x 20) (B).

Figure 3 P53 expression in post-therapeutical resection specimens.
Overexpression of p53 with more than 75% (A) and about 25% positive nuclei (B)
(magnification x 10; inserts x 20).

biopsies and post-therapeutical resection specimens was
observed for the TS gene expression (P < 0.05) and p53
expression (P < 0.05). No significant correlation was found
for Ki67.

Correlation between TS gene expression and Ki67 or p53
expression

High TS mRNA expression was significantly correlated
with a high Ki67 index and low TS mRNA expression
was significantly correlated with a low Ki67 index in the
pre-therapeutical tumor biopsies (P < 0.01) as well as in
the post-therapeutical resection specimens (P < 0.05). No
significant correlation was found between TS and p53.

Multivariate analysis

Although both, TS gene and Ki67 expression were
significantly correlated with histopathological tumor
regression, a combination of the markers did not significantly
improve the discrimination between responders and non-
responders.

DISCUSSION

There is very little and conflicting data about the predictive
value of Ki67 and p53 in rectal cancer after neoadjuvant
CT/RTM' and almost no data on the correlation with TS
expression. The aim of this study therefore was, to define
the predictive value of Ki67 and p53 and their correlation
with TS gene expression in a patient cohort treated

Table 2 Correlations in pre-therapy tumor biopsies

Marker expression Responders Non-responders P
TS <1.20" 10 1

TS =1.20 0 3 <0.05
Ki67 < 40% 13 1

Ki67 = 40% 3 5 <0.05
p53 <10% 6 3

p53 = 10% 10 3 0.60

'cut-off value.

Table 3 Correlations in post-therapy resection specimens

Marker expression Responders Non-responders P
TS < 0.88' 26 2 <0.01
TS = 0.88 4 4

Ki67 < 40% 22 1 <0.01
Ki67 = 40% 7 6

p53 <10% 10 3 0.98
p53 = 10% 19 4

'cut-off value.

according to the standardized recommended neoadjuvant
treatment regimen!'. We used histopathologically assessed
tumor regression as a surrogate endpoint for early
determination of the treatment efficacy™.

TS is mandatory for DNA replication, and thus a
critical target for fluoropyrimidines. Furthermore, TS is a
cell cycle enzyme and is present in proliferating cells™!.
Previous observations in cell lines showed that the TS
expression and activity in asynchronously growing cancer
cells were significantly related to the cell doubling time:
the faster the cell proliferation, the greater the expression
and activity of TS. The expression and activity of TS
were strongly related to the doubling time, and not to
the number of cycling cells or to the number of cells in
S phasel. Rapidly proliferating cells have to synthesise a
greater amount of DNA- and consequently need a greater
amount of TS- than slowly proliferating cells. Thus, TS
expression is closely correlated with the cell proliferation
rate. The positive association between TS and Ki67
expression in our study supports this thesis. Additionally,
on the basis of our results, this relationship seems not to
be influenced by (neoadjuvant) therapy because we found
it in the pre-therapeutical biopsies as well as in the post-
therapeutical resection specimens. As a consequence of
the close relationship of Ki67 and TS, we could show that
non-responders had a significantly higher Ki67 expression
than responders. The combination of both markers (Ki67
and TS expression) did not significantly improve the
response prediction.

In the light of the known relationship between tumor
cell kinetic and efficacy of chemotherapy our results are
somewhat surprising, since one would expect that rapidly
growing tumors with high TS and/or high Ki67 levels
would benefit more from chemotherapy. Though Ki67
reflects active cell cycling, it does not necessarily quantitate
the speed of the cell cycling process that may be the
ctitical factor in sensitivity to chemotherapy™.. Thus, it is
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conceivable that cancers with relatively high Ki67 levels
may still have relatively slow doubling times.

In contrast to the expectation that tumors with high
proliferation and therefore high TS expression would
benefit most from chemotherapy, high TS expression was
associated with poor response to 5-FU and poor survival
in most patients with colorectal cancer in the majority
of the published studiesP. Therefore, other-obviously
TS-independent - events seem to be involved in 5-FU
resistance. Inherent or acquired resistance to 5-FU based
chemotherapy is obviously multifactorial, since 5-FU
sensitivity is for instance influenced by the expression of
dihydropyrimidine dehydrogenasel", the genetic status of
p53P*¥1 nuclear factor (NF)-kappa B, DNA mismatch-
repair genes™, and cell cycle disturbance.

The relationship between TS and p53 was investigated
in several clinical studies, mostly in the adjuvant setting,
Generally, it has been suggested that mutation of the p53
gene or p53 overexpression (as a surrogate marker for p53
mutation) is significantly and independently associated
with resistance to 5-FU therapy and with poor prognosis
in colorectal cancer!"™), Some studies showed that p53
expression may be used to improve the predictive value
of TS for response to 5-FU therapy?*"l. However, some
investigations failed to demonstrate such an association™,
and others have shown an improved clinical outcome and
overexpression of p53.

There are only very rare data of p53 and TS in the
neoadjuvant setting. Kamoshida ¢/ a/. demonstrated in
gastric cancer neoadjuvantly treated with S-1/cisplatin
chemotherapy that high expression of TS and/or p53 in
the pre-treatment biopsies predicted chemotesistance!”.
Other investigators!*'l were not able to find any
correlation between p53 and either TS or tumor
regression. Our data do not suggest a predictive value of
p53 immunohistochemistry in the neoadjuvant therapy
of rectal cancer, either. Like us, most investigators have
used immunohistochemistry to detect mutant p53, with
the assumption that overexpression of p53 is often
associated with a mutation, while the lack of expression
is usually associated with a wild-type p53 genotype. This
assumption has been validated in approximately 60% to
80% of the cases in which mutational analysis and p53
detection by immunohistochemistry were compared! 3+,
But there may be discrepancies between p53 protein
expression and p53 mutation status which may at least
partly explain the missing correlation between p53, TS
and tumor regression.

In conclusion, we demonstrated that IKi67 has, like TS,
predictive value in rectal cancer patients after neoadjuvant
5-FU based CT/RT as responders had a significantly
lower Ki67 expression than non-responders. The positive
association between Ki67 and TS indicates that TS is
involved in active cell cycle processes.

COMMENTS

Background
In locally advanced rectal cancer, neoadjuvant 5-fluorouracil (5-FU) based
chemoradiotherapy is now the recommended therapy regimen. One of the most
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important molecular targets of 5-FU is thymidylate synthase (TS), essential for de
novo DNA synthesis. A number of clinical studies have shown that TS expression
is a predictive marker in colorectal cancer. Since TS is mandatory for DNA
synthesis there seems to be a close relationship between TS expression and
other cell cycle related markers like p53 and Ki67, which could serve as predictive
markers for response to neoadjuvant 5-FU based therapy in rectal cancer.

Research frontiers

Despite the advances in cancer therapy, there are still a number of patients who
do not benefit from treatment. Hence, there is a need to identify novel molecular
markers discriminating between patients who will benefit from treatment and those
who will not.

Innovations and breakthroughs

To date, there is very little and conflicting data about the predictive value of Ki67
and p53 in rectal cancer after neoadjuvant CT/RT. The results of our study suggest
that Ki67, like TS, may be used as a predictive marker in rectal cancer patients
treated with neoadjuvant 5-FU based chemoradiotherapy.

Applications

The integration of predictive markers like TS and Ki67 into the therapeutical
planning will support the advance of individualized treatment, maximizing
therapeutic effect and minimizing exposure toxicity.

Terminology

Prognostic markers distinguish between patients with more or less favourable
outcome. Predictive markers determine the likelihood of response to therapy and
also the potential toxicity; they are always treatment specific.

Peer review

This paper is valuable particularly to colorectal surgeons, oncologists and gastro-
enterologists interested in rectal cancer biology and biomarkers. It is overall well
designed, well written, with interesting results.
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