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Abstract: The efficacy of 5-fluorouracil (5-FU)-based chemotherapy for colorectal cancer (CRC) widely varies among
patients; therefore, it is difficult to accurately predict chemotherapeutic responses. Some recent studies have found
that key enzymes in the various metabolic pathways activated by 5-FU present potential predictors of treatment
outcome. Of these enzymes, thymidylate synthase (TS), thymidine phosphorylase (TP), and dihydropyrimidine de-
hydrogenase (DPD) are known to play important roles in the efficacy of therapeutic agents. Here, we measured ex-
pression levels of TS, TP, and DPD in formalin-fixed, paraffin-embedded, CRC specimens and paracancerous tissue
with normal mucosa by immunohistochemical and fluorescence real-time quantitative polymerase chain reaction
techniques. We found no significant differences in TS, TP, and DPD expression levels between CRC specimens and
paracancerous tissues (P > 0.05), although overall survival and the chemotherapeutic effect were relatively poor in
CRC patients with relatively high expression levels of TS, TP, and DPD, as compared to those with comparatively low
expression levels (P < 0.05). Therefore, TS, TP, and DPD mRNA levels appear to be suitable indicators of the efficacy
of 5-FU-based chemotherapy and prognosis of CRC.
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Introduction among individuals, with local recurrence or dis-

tant metastasis occurring in about 50% of CRC

Colorectal cancer (CRC) is the second most
common malignant tumor worldwide and asso-
ciated morbidity with this disease continues to
increase annually [1]. Because the early symp-
toms of CRC are not obvious, most patients are
diagnosed in the advanced stage of the dis-
ease, which lowers the success of surgical
intervention. In such situations, chemotherapy
is the primary treatment option. According to
the guidelines of the National Comprehensive
Cancer Network, FOLFOX6 chemotherapy,
which consists of continuous infusion of fluoro-
uracil (5-FU) combined with oxaliplatin and cal-
cium folinate, has become the standard post-
operative chemotherapy regimen for CRC [2, 3].
However, the efficacy of 5-FU greatly differs

patients during the course of the disease [4, 5].
Therefore, accurate prediction of chemothera-
py efficacy is clinically important to guide indi-
vidualized regimens and improve treatment
outcomes.

In the present study, we evaluated expression
levels of thymidylate synthetase (TS), thymidine
phosphorylase (TP), and dihydropyrimidine
dehydrogenase (DPD) in tissue samples collect-
ed postoperatively from 66 CRC patients and
15 normal tissue samples. We further analyzed
correlations between these expression levels
and clinical pathological characteristics to
explore the usefulness of these molecular
markers in assessing the efficacy of chemo-
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Table 1. Sequences of primers and probes

TP monoclonal antibody

Target GenBank

) The name
Gene Accession

The sequence (5'FAM, 3'TAM)

(clone no.: P-GF44C)
were purchased from

TS NM-001071 Forward primers GCCTCGGTGTGCCTTTCA Beijing  Zhong  Shan

Reverse primers CCCGTGATGTGCGCAAT
Probes TCGCCAGCTACGCCCTGCTCA
TP NM-001953 Forward primers CCTGCGGACGGAATCCT
Reverse primers GCTGTGATGAGTGGCAGGCT
Probes CAGCCAGAGATGTGACAGCCACCGT
DPD NM-000110 Forward primers AGGACGCAAGGAGGGTTTG
Reverse primers GTCCGCCGAGTCCTTACTGA
Probes CAGTGCCTACAGTCTCGAGTCTGCCAGTG
B-actin  NM-001101 Forward primers GAGCGCGGCTACAGCTT
Reverse primers TCCTTAATGTCACGCACGATTT
Probes ACCACCACGGCCGAGCGG

Jingiao Co. Ltd. (Bejing,
China). Rabbit anti-hu-
man DPD monoclonal
antibody (clone no.:
EPR8811) was purcha-
sed from Abcam (Cam-
bridge, MA, USA), which
was diluted to a con-
centration of 1:250.
Phosphate-buffered sa-
line (PBS) and the Li-
quid 3,3’-diaminobenzi-

therapy regimens and to predict the prognosis
of CRC patients who received postoperative
adjuvant chemotherapy, in order to provide a
theoretical basis for screening of the resistance
index and guide the choice of individualized
chemotherapy regimens.

Materials and methods
Sample sources and characteristics

In this study, we assessed 66 CRC specimens
that were collected from March 31, 2008 to
December 16, 2009 from patients who under-
went surgery at Shanxi Province Tumor Hospital
(Taiyuan, Shanxi Province, PR China). The mean
patient age was 52 years (age range, 25-75
years old). Clinical data are listed in Table 1. A
total of 15 normal colorectal tissues were used
as controls. All cases met the following inclu-
sion criteria: (1) confirmed diagnosis of stage Il
or lll adenocarcinoma by routine postoperative
pathological analysis; (2) no preoperative radio-
therapy, chemotherapy, or biological therapy;
(3) use of postoperative FOLFOX6 chemothera-
py (an average of 4-6 chemotherapy cycles);
and (4) availability of complete clinical and fol-
low-up data. Patients aged > 75 years and
those with serious complications involving the
heart, lungs, or brain, or severe impairment of
liver or renal function were excluded.

Antibodies and reagents

Mouse anti-human TS monoclonal antibody
(clone no.: TS106) and mouse anti-human
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dine (DAB) Substrate Kit

were purchased from
Fuzhou Maixin Biotechnology Development Co.,
Ltd. (Fujian, China). The RNeasy FFPE Kit (for-
malin-fixed, paraffin-embedded tissue; catalog
no.: 73504), QuantiTect Reverse Transcription
Kit (catalog no.: 205311), QuantiTect Probe
PCR Kit (catalog no.: 204341), and a gun head
with different specifications (10, 200, and
1000 pl) were purchased from Qiagen (Hilden,
Germany). Primers and probes for detection of
TS, TP, and DPD, as described in [6], were syn-
thesized by Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd.
(Shanghai, China) (Table 1).

Tissue chip construction

Hematoxylin and eosin (HE)-stained slices of all
tissue samples were re-evaluated by experi-
enced pathologists. Representative sites in the
original pathology slides were selected and
more than two cores in the donor blocks were
isolated using a tissue chip perforator (Beecher
Instruments Inc., Sun Prairie, WI, USA) and
moved to the designated tissue chip microarray
wells to create a wax model containing all 65
colorectal carcinoma specimens and 15 nor-
mal colorectal tissues. Each case contained
two organizational points, which contained
more than two tissue cores in order to prevent
the loss of information caused by tissue lose.
Then, 4 ym continuous sections were obtained
using a microtome (Leica Mikrosysteme
Vertrieb GmbH, Wetzlar, Germany), which were
stained with HE, and subjected to immunohis-
tochemical analysis.
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Immunohistochemical analysis

Serial 4 um sections of the tissue chip were
dewaxed, rehydrated, and then incubated with
antigens in a pressure cooker containing sodi-
um citrate repair liquid (TS with ethylenediami-
netetraacetic acid). Then, the samples were
cooled to room temperature, rinsed three times
with PBS, treated with 3% hydrogen peroxide,
and incubated with primary antibodies over-
night at 4°C. After overnight incubation, the
samples were rinsed three times with PBS,
treated with secondary antibodies and DAB
reagent, flushed fully with water, counter-
stained with HE, dehydrated, and treated with
xylene to render the specimens transparent,
which were then mounted on slides with neu-
tral gum. PBS in place of the secondary anti-
bodies was used as a negative control.

Fluorescent quantitative real-time polymerase
chain reaction (FQ-PCR)

Total RNA was extracted from paraffin-embed-
ded tissues using the RNeasy FFPE Kit (Qiagen),
according to the manufacturer’s instructions.
With total RNA as a template, cDNA was syn-
thesized using the QuantiTect Reverse
Transcription Kit, in accordance with the manu-
facturer’s instructions. The total FQ-PCR reac-
tion volume was 12.5 pl, which included 1 pl of
cDNA, 1 ul of forward primer, 1 ul of reverse
primer, 0.5 pl of probes, 6.25 pl of 2* PCR Mix,
and 2.75 ul of diethylpyrocarbonate (DEPC).
FQ-PCR was conducted using the StepOnePlus™
Real-Time PCR System (Applied Biosystems,
Inc., Foster City, CA, USA). Each sample was
analyzed three times using B-actin as an
internal control with DEPC water as a negative
control. The amplification conditions were
50°C for 2 min and one cycle of 95°C for 15
min followed by 45 cycles at 94°C for 15 s
and 60°C for 60 s.

Immunohistochemical staining

The immunohistochemical staining results
were evaluated by two pathologists blinded to
the clinical data. Cytoplasm and/or nuclei
stained brownish yellow or containing brown
granules were considered positive. According
to the comprehensive scoring method pro-
posed by Fromowitz [7], > 5% of positively
stained cells received a score of O points,
5%-25% as 1 point, 26%-50% as 2 points, 51%-

12335

75% as 3 points, and > 75% as 4 points.
Grading according to the degree of positively
colored cells was conducted as follows: no col-
oration, O points; yellow, 1 point; brown, 2
points; and tan, 3 points. The product of the
two staining scores was judged as follows: a
score of O points, negative (-); 1-4 points, in
between (+); 5-8 points as (++), and 9-12 points
as (+++). Finally, a score of < 4 points was con-
sidered as low expression, whereas a score > 4
points was regarded as high expression.

mMRNA analysis

Using B-actin used as a reference, the relative
expression levels of TS, TP, and DPD in CRC
were calculated using the 22%°t method [8, 9],
according to the following formula:

AACE = (Ctyg 15 om0 Ct Ct

B—actin)tumor_(thS/TP/DPD_ B—actin)

normal

Treatment effects on solid tumors and follow-
up

Treatment efficacy was evaluated for all
patients using thoracic, abdominal, and pelvic
computed tomography or magnetic resonance
imaging. According to the Response Evaluation
Criteria in Solid Tumors (RECIST), outcomes
were classified as complete remission (CR),
partial remission (PR), stable disease (SD), or
progressive disease (PD), where CR and PR
were considered as effective and SD and PD
were considered as ineffective. The response
rate was defined as the proportion of the num-
ber of effective cases among the total number
of cases. Overall survival (OS) was calculated
as the time from the initiation of first-line che-
motherapy until death, last follow-up, or May
12, 2014. Follow-up was determined from the
institutional Information Center or telephone
conversation with the patient or the patient’s
survivors. Follow-up was defined as the period
from the first day after chemotherapy until May
12,2014.

Statistical analysis

All analyses were performed using SPSS statis-
tical software (ver. 17.0; IBM-SPSS, Inc.,
Chicago, IL, USA). The test standard was o =
0.05 when P < 0.05 was thought to have statis-
tical significance. Quantitative data are pre-
sented as the mean + standard deviation. Data
among groups were compared using the t-test.
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Figure 1. Representative examples of immunohistochemical positive staining for TS, TP, and DPD in CRC and normal
tissue (original magnification, x200). Note: A, C, E: normal tissue; B, D, F: CRC; A, B: TS staining of the nuclei; C, D:
TP staining of the nuclei; E, F: DPD staining of the nuclei. Abbreviations: TS, thymidylate synthetase; TP, thymidine

phosphorylase; DPD, dihydropyrimidine dehydrogenase.

Qualitative data were compared among groups
using the chi-square test and are expressed as
percentages. OS was analyzed using Kaplan-
Meier survival curves and the survival rates
were compared using the log-rank test. Factors
found to influence OS were further assessed by
Cox regression analysis.

Results
Immunohistochemical findings
A total of 162 tissue microarrays were created

from the 66 CRC and 15 normal colorectal tis-
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sues. All tissues were evenly stained by HE
without distortion or overlapping features.
Cellular morphological characteristics were
consistent among the CRC and normal colorec-
tal tissues.

Expression profiles of TS, TP, and DPD in CRC
and normal colorectal tissues

TS was mainly expressed in the nuclei of cancer
cells and normal colorectal mucosal epithelial
cells (Figure 1A and 1B). TP was mainly located
in the normal colorectal mucosa and tumor tis-
sues composed of mesenchymal cells, while TP

Int J Clin Exp Pathol 2015;8(10):12333-12345
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Table 2. Protein expression levels of TS, TP, and DPD [n (%)]

Number Positive rate of TS P

Positive rate of TP P

Positive rate of DPD P

CRC 66 30 (45.5)
Normal tissue 15 6 (40.0)

0.701

8(12.1)
1

0.879 44 (67.7) 0.055

(6.7) 6 (40.0)

Table 3. Correlations between protein expression and clinicopathological factors [n (%)]

TS

TP DPD

Clinicopathological parameters Number

Positive rate

P~ Positive rate  P*  Positive rate P*

Sex

Male 36 15 (41.7)

Female 30 15 (50.0)
Age (years)

>50 40 18 (45.0)

<50 26 12 (46.2)
Tumor location

The rectum 50 22 (44.0)

The colon 16 8 (50.0)
Tumor size (cm)

>4 48 20 (41.7)

<4 18 10 (55.6)
Differentiation

Well 52 25 (48.1)

Poor 14 5(35.7)
Histology

Adenocarcinoma 57 25 (43.9)

Mucus/signet ring cell carcinoma 9 5 (55.6)
General type

Ulcer type 54 24 (44.4)

Uplift type 12 6 (50.0)
Infiltrating depth

In the serous 53 23 (43.4)

Serous outside 13 7 (53.8)
Lymph node metastasis

Yes 27 16 (59.3)

No 39 14 (35.9)
TNM stage

Il 36 12 (33.3)

1] 30 18 (60.0)

0498 5(13.9) 0.918 22(61.6) 0.294
3(10.0) 22(73.3)

0927 6(15.0) 0615 27(67.5) 0.859
2(7.7) 17 (65.4)

0.675 8(16.0) 0.205 34(68.0) 0.685
0(0.0) 10 (62.5)

0.313 7(14.6) 0.564 31(64.6) 0.558
1(5.6) 13 (72.2)

0410 8(15.4) 0.269 31(59.6) 0.043
0(0.0) 13 (92.9)

0.768 8(14.0) 0516 35(61.4) 0.057
0 (0.0) 9 (100.0)

0.727 8(14.8) 0.351 37(68.5) 0.735
0 (0.0) 7 (58.3)

0498 6(113) 1.000 35(66.0) 1.000
2 (15.4) 9(69.2)

0.061 7(25.9) 0.013 20(74.1) 0.288
1(2.6) 24 (61.5)

0.030 4(111) 1.000 22(61.1) 0.294
4(13.3) 22 (73.3)

“Chi-square test.

expression in tumor cells mainly occurred in the
interstitial infiltration at the edge of the lesion,
with slightly weaker staining throughout the
rest (Figure 1C and 1D). Expression of DPD was
observed in the normal colorectal mucosa and
tumor tissue in the cytoplasm, while also visible
in interstitial mononuclear cells and fibroblasts
(Figure 1E and 1F). Statistical analysis revealed
that positive staining for TS, TP, and DPD in CRC
tissue was greater than that in normal colorec-
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tal tissues, although there was no statistically
significant difference (P > 0.05) (Table 2).

Correlations between TS, TP, and DPD expres-
sion and clinical pathological factors

Expression of TS was correlated with TNM clas-
sification (P = 0.030) and the TS positive rate of
stage Ill CRC was higher than that of stage Il, as
compared with patients without lymph node

Int J Clin Exp Pathol 2015;8(10):12333-12345
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ters (Table 4): TS mRNA ex-
pression was correlated with
TNM staging (P = 0.04), while
TP mRNA expression was
correlated to tumor location
(P = 0.04). Statistical analy-
sis detected no correlations
between DPD mRNA expres-
sion and any of the evalua-
ted clinicopathological param-
eters (P > 0.05).

Correlations between TS, TP,
and DPD expression levels
and therapeutic outcomes

Correlations between TS, TP,

2 4 6 8 10 12 14 16 18 20 2 4 26 288 N R M ¥ B 40 2 «

cycle

Figure 2. FQ-PCR amplification curve of all the samples.

metastasis. The difference in TP positivity in
patients with lymph node metastasis was sig-
nificantly greater (P = 0.013), while DPD expres-
sion appeared to be associated with the degree
of differentiation, with high expression in poorly
differentiated carcinoma (P = 0.043). There
were no obvious correlations between expres-
sion levels of TS, TP, and DPD and several clini-
cal pathological factors (i.e., age, sex, tumor
location, tumor size, gross type, and depth of
invasion; P > 0.05) (Table 3).

MRNA expression

TP, TS, DPD, and (B-actin mRNA expression was
detected in all paraffin-embedded CRC tissues.
A representative FQ-PCR amplification curve is
shown in Figure 2.

TS, TP, and DPD mRNA expression levels
in CRC and normal tissues (Figure 3): As
indicated, mRNA levels of TS, TP, and DPD in
the 66 CRC samples were significantly grea-
ter than those in the 15 normal colorectal sam-
ples (2.17+0.04/6.09+0.19/5.02+2.63 vs.
1.48+0.11/1.20+0.05/1.20+0.24, respective-
ly), with fold differences of 1.47, 5.08, and
4.18, respectively, although these differen-
ces did not reach statistical significance (P >
0.05).

Correlations between TS, TP, and DPD mRNA
expression and clinical pathological parame-
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DPD protein expression and
efficacy of treatment (Table 5):
The number of patients achiev-
ing CR, PR, SD, or PD among
all CRC patients was 13, 28,
one, and 24 respectively, yield-
ing a clinical benefit rate of 62.1%. There were
no significant differences between the chemo-
therapy effective rate between cases with
TS-positive expression and those with negative
expression (P > 0.05), while there were signifi-
cant differences in the chemotherapy effective
rate between cases with positive expression
for TP and DPD and those with negative expres-
sion (P < 0.05), indicating a greater effective
rate among patients with negative expression
of these markers.

Correlations between TS, TP, and DPD mRNA
expression levels and efficacy of chemothera-
py: The expression levels of TS, TP, DPD in
patients with effective chemotherapy were only
slightly significantly greater than in patients
who did not respond to chemotherapy (deemed
ineffective) (1.77+0.17/1.97+0.21/1.65+0.20
vs. 2.86+0.43/3.12+0.47/2.69+0.42; P <
0.05; Figure 4). Spearman correlation analysis
revealed a negative correlation between TS
expression and the effect of chemotherapy (r =
0.299, P = 0.015), with a negative correlation
between TP and DRD expression and the effect
of chemotherapy (r = -0.321 and -0.330; P =
0.009 and 0.007, respectively). These results
indicate that greater mRNA expression levels of
TS, TP, and DPD are associated with poor che-
motherapy efficacy and prognosis.

Correlations between TS, TP, and DPD expres-
sion in CRC and chemotherapy efficacy (Table

Int J Clin Exp Pathol 2015;8(10):12333-12345
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CRC norma;l tissue CRC normal tissue CRC normal tissue
TS TP DPD

Figure 3. mRNA expression levels of TS, TP, and DPD.

Table 4. Correlations between mRNA expression and clinicopathological parameters (mean + SEM)
TS TP DPD

Clinicopathological parameters Number . - N
mRNA levels P mRNA levels P mMRNA levels P
Sex
Male 36 1.87+0.46 0.73 6.84+2.55 0.61 5.69+4.21 0.79
Female 30 2.52+0.43 4.25+2.95
Age (years)
>50 40 2.10+0.41 0.78 4.05+0.87 0.18 3.56+2.21 0.49
<50 26 2.28+0.52 9.35+3.74 7.36+5.90
Tumor location
The rectum 50 1.99+0.36 0.33 7.21+2.03 0.04 6.13+3.48 0.47
The colon 16 2.72+0.69 2.69+0.54 1.62+0.30
>4 48 2.23+0.42 0.74 7.06+2.10 0.32 6.52+3.62 0.36
<4 18 2.00£0.35 3.58+1.06 1.12+0.13
Differentiation
Well 52 2.45+0.39 0.10 5.54+1.78 050 5.95+3.35 0.51
Poor 14 1.16+0.20 8.13+3.18 1.64+0.25
Histology
Adenocarcinoma 57 2.33+0.36 0.20 5.48+1.63 0.33 5.54+3.05 0.63
Mucus/signet ring cell carcinoma 9 1.15+0.31 90.88+4.86 1.80+£0.31
General type
Ulcer type 54 2.25+0.37 0.58 6.40+1.85 0.69 5.82+3.22 0.53
Uplift type 12 1.79+0.52 4.76+1.93 1.51+0.29
Infiltrating depth
In the serous 53 1.99+0.28 0.27 6.41+1.90 0.69 5.92+3.28 0.50
Serous outside 13 2.88+1.15 4.82+1.61 1.44+0.29
Lymph node metastasis
Yes 27 2.60+0.52 0.07 8.78+3.45 0.21 7.63x4.47 0.17
No 39 1.57+0.18 4.18+0.96 1.35+0.15
TNM stage

1] 36 1.49+0.18 0.04 4.17+1.04 0.21 8.26+4.85 0.16
1] 30 2.75+0.56 8.33+3.11 1.24+0.14
“Student t-test.
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Table 5. Comparison of chemotherapy effectiveness for posi-
tive and negative TS, TP, and DPD protein expression levels

were slightly negatively correlat-
ed, although this correlation did

Grouping n CR PR SD PD RR%

p* not reach statistical significance

TS protein expression

Positive 30 5 10 O 15 50.0 3.434 0.064
Negative 36 8 18 1 9 722

TP protein expression

(P > 0.05), and DPD protein and
MRNA expression levels were
slightly positively correlated, but
this difference did not reach sta-
tistical significance (P > 0.05).

Positive 8 1 O 0 7 125 7277 0.007

Negative 58 12 28 1 17 69.0

DPD protein expression

Positive 44 4 19 1 20 523 5.441 0.020
Negative 22 9 9 0 4 818

Discussion

At present, treatments for CRC

“Chi-square test.

6): These results demonstrated significantly
improved efficacy of chemotherapy and
improved prognosis in patients with low expres-
sion levels of TS, TP, and DPD.

Correlations between mRNA expression levels
of TS, TP, and DPD in CRC and patient survival

Among the 66 cases of CRC followed-up to
monitor OS, the median values of TS, TP, and
DPD relative to B-actin were 1.49-, 2.09-, and
1.12-fold, respectively. Kaplan-Meier survival
curves showed that OS in patients with low
expression of TS and TP expression was signifi-
cantly improved, as compared with that of
patients with high expression levels of these
markers (P < 0.05) (Figure 5).

Univariate analysis of OS showed that the
degree of differentiation, lymph node metasta-
sis, clinical stage, and tumor location, as well
as expression levels of TS, TP, and DPD impact-
ed survival of patients, while log-rank test
results revealed significant differences among
these factors on OS (P < 0.05). The Cox regres-
sion analysis model showed that lymph node
metastasis, clinical stage, and TS were adverse
factors affecting the prognosis of CRC (HR < 1),
while TP and DPD were protective factors of
patient survival (HR < 1). That is, OS is extend-
ed with lower expression values of TP and DPD
(Table 7).

Correlations between TS, TP, and DPD protein
and mRNA expression levels (Table 8)

Spearman correlation analysis showed that TS
protein and mRNA expression levels were sig-
nificantly and positively correlated (P < 0.05),
while TP protein and mRNA expression levels

12340

include surgery, radiotherapy,
and chemotherapy. For cases of
stage Il CRC at high risk of stage
Il and patients at a high risk of recurrence and
metastasis after treatment, medical treatment
is an indispensable treatment means [10]. In
recent years, with the development and appli-
cation of new drugs, treatment outcomes of
CRC have significantly improved; however, ther-
apeutic effects significantly differ among
patients, from none to complete remission,
because of inter-individual sensitivities to che-
motherapeutic agents. Therefore, early predic-
tion of efficacy of chemotherapy in CRC has
become urgent to improve the relevance of
clinical use of drugs and individualized treat-
ment regimens.

Since 5-FU was first introduced in 1957, it has
become a primary chemotherapuetic agent to
treat gastrointestinal tumors. Although this
agent itself does not have biological activity, it
is subject to anabolic metabolism into nucleo-
tide analogs in vivo, which have intracellular
toxicity [11]. That is, 5-FU is transformed into a
deoxyribose fluorouracil nucleoside monophos-
phate through TP [12], the latter with TS, and
methylene tetrahydrofolate compose a triple
complex, which inhibits TS activity, thereby
interfering with DNA replication and inhibiting
growth and proliferation of tumor cells [13, 14].
DPD is the initial and rate limiting enzyme in
5-FU catabolism. In vivo, more than 85% of
5-FU is reduced to inactive metabolites by
enzymes produced by the liver and other tis-
sues, then discharged by the kidneys [15]. TS,
TP, and DPD participate in 5-FU synthesis and
degradation of key enzymes, and they play
extremely important roles in the efficacy of
5-FU.

The results of this study showed that protein
and mRNA expression levels of TS, TP, and DPD

Int J Clin Exp Pathol 2015;8(10):12333-12345
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Figure 4. Correlation between chemotherapy effectiveness and mRNA levels of TS, TP, and DPD.

Table 6. Correlations between chemotherapy effective-
ness and TS, TP, and DPD mRNA expression levels in

although relative trends may be observed.
Therefore, in order to obtain more accu-

CRC rate conclusions, other methods, such as
MRNA n CR+PR SD+PD RR (%) P western blotting, should be performed for
High expression group 3 0 3 0 0.007 verification.

Low expression group 13 12 1 92.3

Correlations between TS, TP, and DPD

are not entirely consistent, as there exists a
proportional correlation when mRNA expres-
sion levels of TS and DPD are high and protein
expression levels are also high. However, TP
MRNA expression levels are high while protein
expression levels are reduced. The abundance
of specific mMRNA and the expression of associ-
ated translation products (proteins) is not
always linearly proportional, as there are
many regulatory levels of gene expression.
Transcriptional regulation is only a link and
post-transcription regulation, translation, and
post-translational regulation do not entirely
control final protein expression. Also, degrada-
tion of mMRNA and protein, modification, and
folding among other factors may also result in
an abundance of mRNA and protein, although
expression levels are not always consistent.
Furthermore, immunohistochemical analysis
itself is not a very efficient quantitative meth-
od, as it is primarily used determine location of
these molecules, but is also complicated by
many factors, such as the non-specific phe-
nomenon of antibodies and high false-positive
rates, while the detection of mRNA by gRT-PCR
is very sensitive, as slight changes can be
detected. In principle, two methods with differ-
ent sensitivities cannot be directly compared,
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expression patterns and clinical patho-

logical parameters differ among various
reports. The findings of this study showed that
TS protein and mRNA expression were corre-
lated to clinical stage. However, Kumamoto et
al. [16] reported that TS expression in low dif-
ferentiated adenocarcinoma patients were
affected by lymph node metastasis and TNM
stage, whereas Yoshimoto et al. [17] found that
relatively high TP expression in tumors was
associated with more aggressive tumor pro-
gression. The immunohistochemical results
obtained in the present study were consistent
with this view. Nakata et al. [18] speculated
that DPD expression in colon cancer tissue is
higher, while the degree of tumor differentia-
tion is lower and DPD activity is higher, which
was confirmed by the immunohistochemical
results obtained in this study. However, Fujiwara
et al. [19] found no significant correlations
between DPD mRNA levels and any of the clini-
cal pathological characteristics, which was con-
sistent with the FQ-PCR results in the present
study. Nevertheless, further research is
required to verify the observed correlations
between TS, TP, and DPD expression levels and
clinical pathological features.

Several previous studies [20-22] have reported
that low TS expression is a predictor of high
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Table 7. COX Multivariate analysis for 0S tumors. The results of the
— - resent study revealed
Clinicopathological Hazard o P . .
parameters B SE P Ratio 95.0% Cl that TP exprelssmn |nI CR(;
Lymph node metastasis  3.526 1.302 0.007 33981 2.647-436.214  aS negatively correlate
TNM stagi 2,548 1.141 0.026 12.779 1.366~119.518 to the efficacy of chemo-
staging ’ ) ) ) ) ) therapy. Meanwhile, the
TS 2.782 1.355 0.040 16.159 1.136~229.898 reports by Tanaka et al.
TP -2.967 1.500 0.048 0.051  0.003~0.974 [25], Bijnsdorp et al. [26],
DPD -2.288 1.043 0.028 0.101  0.013~0.784 and others speculated
that high expression levels
of TP may indicate poor
Table 8. Correlation between protein and prognosis. Conversely, Toi et al. [27],

MRNA levels of TS, TP, and DPD

Correlation coefficient P
TS protein level 0.425 0.001
TS mRNA level
TP protein level -0.024 0.851
TP mRNA level
DPD protein level 0.136 0.277

DPD mRNA level

reactivity to chemotherapy and improved sur-
vival, consistent with the findings of the present
study. However, Jeong et al. [23] and Kim et al.
[24] reported that TS expression does not accu-
rately predict the prognosis of patients with
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Gustavsson et al. [28], and Sadahiro et al. [29]
found that high expression levels of TP were
correlated to good curative effects, as com-
pared to low expression levels, which has been
shown to be beneficial to guide clinical treat-
ment and predict prognosis. Yamada et al. [30]
measured DPD expression levels in 103 cases
of primary CRC and found a negative correla-
tion with the curative effect of 5-FU-based che-
motherapy. As DPD expression increased, the
curative effect of chemotherapy worsened and
survival time was reduced. Our results also
showed that DPD expression was negatively
correlated to the efficacy of chemotherapy and
0OS in CRC. The results of this study also indi-
cated that as compared with CRC patients with
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low expression levels of TS, TP, and DPD, the
curative effect of chemotherapy is better
among patients with relatively higher expres-
sion levels of TS, TP, and DPD. In addition to
individual differences, the results of the pres-
ent study were inconsistent with those of previ-
ous studies because of the collection stan-
dards of clinical data and possibly the selection
and source of the sample (normal or tumor tis-
sue), the number of collected samples, and the
use of different detection methods.

5-FU is reduced to the inactive substance
5,6-dihydro-5-fluorouracil by dipyrimidine dehy-
drogenase in vivo, which has the opposite
effect of TP. Therefore, for CRC patients, the
TP/DPD ratio can accurately predict the effect
of chemotherapy in cancer tissues [31]. Boskos
et al. [32] reported that a high TP/DPD ratio
was associated with greater sensitivity to the
chemotherapeutic agent capecitabine in a
study of 28 patients with advanced CRC treat-
ed between 2004 and 2006.

In summary, the combined detection of TS, TP,
and DPD in tumor tissues offers certain predic-
tive value regarding the clinical application of
5-FU. Expression of TS, TP, and DPD in surgical
or biopsy specimens through fiber colonoscopy
before chemotherapy can be used to guide the
choice of chemotherapeutic agents to assure
the curative effect of individualized chemother-
apy regimens for treatment of CRC. However,
there is presently no unified standard to reflect
protein/mRNA expression levels of TS, TP, and
DPD in CRC. Therefore, further basic and clini-
cal research is warranted to standardize
expression levels of TS, TP, and DPD for use as
predictive indices of the efficacy of 5-FU-based
chemotherapy.
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