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Expression of Topoisomerase 1 and carboxylesterase 2 correlates with irinotecan
treatment response in metastatic colorectal cancer
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ABSTRACT
Topoisomerase 1 (TOPO-1) and carboxylesterase 2 (CES-2) are found to play crucial roles in the pathogenesis
of various cancers. The prognostic role of TOPO-1 and CES-2 in patients with metastatic colorectal cancer
(mCRC) who underwent irinotecan chemotherapy was largely unknown. In the current study, we assessed
the expression of TOPO-1 and CES-2 in mCRC and analyzed its potential relevance to irinotecan based
therapy. A total of 98 patients with mCRC were included in this study. The expression of TOPO-1 and CES-2
in mCRC tissues was evaluated by immunohistochemistry. For TOPO-1, 46 patients showed high expression
and 52 patients showed low expression. For CES-2, 53 patients showed high expression and 45 patients
showed low expression. The correlation between TOPO-1 or CES-2 expression and clinicopathological
characteristics of mCRC patients was analyzed. Neither TOPO-1 nor CES-2 had significant correlation with age,
gender, tumor site, tumor grade and metastatic sites in mCRC patients. However, high expression of CES-2
but not TOP-1 was positively correlated with better curative effect. Kaplan-Meier and log-rank test were
applied to assess the correlation between progression-free survival (PFS)/overall survival (OS) and TOPO-1 or
CES-2 expression in mCRC patients. High expression of TOPO-1 and CES-2 are correlated with longer PFS and
OS. In summary, our findings suggest that TOPO-1 and CES-2 may play important roles irinotecan sensitivity
in mCRC patients. Evaluation of expression of TOPO-1 and CES-2 may provide preliminary clinical evidence
for the management of irinotecan-based therapy in mCRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant
tumors in the gastrointestinal tract.1 About 50% CRC patients
received surgical treatment when diagnosed. However, a large
proportion of CRC patients received surgical treatment had
local recurrence and distant metastasis.2 For the patients with
late-stage CRC, chemotherapy was commonly employed to
improve patient survival and the quality of life.3 Due to the dif-
ferential gene expression profiles in individual patients, there
was a large difference in terms of sensitivity to the same chemo-
therapeutic regimens among different patients.3 Therefore, it is
necessary to find out the differential gene expression related to
chemo-sensitivity, which may help us to determine individual-
ized chemotherapeutic strategies.

Irinotecan is a novel water soluble camptothecin derivative
selected for clinical use in primary and chemo-resistant tumors
based on various in vitro and in vivo experimental results,4 Iri-
notecan is activated by hydrolysis via carboxylesterase (CES) to
SN-38, an inhibitor of topoisomerase 1 (TOPO-1).5The inhibi-
tion of TOPO-1 by the active SN-38 eventually leads to inhibi-
tion of both DNA replication and transcription, which in turn
exerts its cytotoxic effects.6 CESs are mainly distributed in the
cytoplasm and endoplasmic reticulum and are important for
drug metabolism. CESs are regulated by various nuclear recep-
tors.7 In humans, two carboxylesterases, CES-1 and CES-2 are

identified, and both are expressed in the liver, but levels of
CES-1 greatly exceed those of CES-2. In the intestine, only high
levels of CES-2 are expressed, and CES-2 was also found to be
more important in activating irinotecan than CES-1..8Studies
also demonstrated that CES-2 expression is correlated with
irinotecan hydrolysis in CRC. CES-2 is important for the acti-
vation of irinotecan in various types of tumors. Studies have
shown that CES-2 was up-regulated in tumor tissues and served
as a biomarker for predicting the chemotherapeutic effect of iri-
notecan and prognosis, particularly in pancreatic cancer, neu-
roblastoma, non-small cell lung cancer and small cell lung
cancer.9-11 However, in CRC, the role of CES-2 for predicting
the chemotherapeutic effect of irinotecan and prognosis has
not been reported. TOPO-1 is an important nuclear enzyme,
which involves diverse processes such as DNA replication,
transcription, recombination, and repair. The increased activity
of TOPO-1 was found in a large number of cancers, including
ovarian cancer, breast cancer and lung cancer.12–15 In this
regard, the anti-tumor effect of irinotecan may be associated
with the expression of CES-2 and TOPO-1.

In the present study, we determined the expression of
TOPO-1 and CES-2 in mCRC and examined if expression of
TOPO-1 and CES-2 were correlated with chemotherapeutic
effect of irinotecan and prognosis in mCRC patients. This study
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will provide clinical preliminary evidence for application of iri-
notecan in mCRC patients.

Materials and methods

Patients and clinical samples

CRC specimens were collected from mCRC patients who
underwent resection for curative intent at the Fourth Affiliated
Hospital of Guangxi Medical University from January 1, 2014
to December 31, 2014. All the patients provided written
informed consent under the approval of the ethics committee
of the Fourth Affiliated Hospital of Guangxi Medical Univer-
sity. Clinicopathological characteristics including age, gender,
tumor site, tumor grade and metastatic sites were obtained
from a clinical data base maintained by the Department of
Oncology of the Fourth Affiliated Hospital of Guangxi Medical
University.

Immunohistochemical analysis

All the CRC samples were collected from mCRC patients with-
out any preoperative therapies. The immunohistochemical
staining for TOPO-1 and CES-2 markers in CRC tissues was
performed according to previous protocols.16, 17 Stained slides
for TOPO-1 and CES-2 expression were reviewed by two path-
ologists. For TOPO-1 grading, a score for intensity and distri-
bution of nuclear staining was assigned according to a 4-tier
system. The intensity ranged from 0 to 3 (0 D no staining,
1 D weakly positive, 2 D moderately positive, and 3 D strongly
positive staining). The staining distribution considered the per-
centage of positive tumor cells and ranged from 0 to 3 (0 D 0
to 5%, 1 D 6% to 25%, 2 D 26% to 50%, 3 D 51% to 100%). An
overall TOPO-1 expression score was calculated as the sum of
the intensity and distribution scores in each case. Cases with a
total score of at least 4 were considered high expression tumors
(with altered pattern), whereas cases with a total score of 0–3
were considered negative or low expression tumors (with nor-
mal pattern). For CES-2 grading, high CES-2 expression: posi-
tive CES-2-stained cells are greater than 25%; low CES-2
expression: positive CES-2-stained cells are less than 25%.

Irinotecan based therapy for mCRC patients and follow up
study

All the included patients completed at least four cycles of FOL-
FIRINOX treatment (oxiplatin 75 mg/m2 d1 C irinotecan 150
mg/m2 d1 C 5-FU 2000 mg/m2 46 h CI). The therapeutic
effects were followed up every two weeks. After completing 4
cycles of FOLFIRINOX treatment, all the mCRC patients were
subjected to radiographic evaluation. The recent curative effect
of FOLFIRINOX treatment was evaluated using to the
Response assessment in solid tumours (RECIST) 1.1 criteria.
The overall response was divided into complete response (CR),
partial response (PR), stable diseases (SD) and progression dis-
eases (PD). Response rate (RR) D (CR C PR)/Total number of
included patients. Progression-free survival (PFS) was defined
as the time elapsed between treatment initiation and tumor
recurrence or progression or death with censoring of patients

who are lost to follow-up. Overall survival (OS) was defined as
time elapsed between treatment initiation and death with cen-
soring of patients who are lost to follow up. The cut-off date for
the follow-up study was March 20, 2016.

Statistical analysis

All the statistical analysis was analyzed by using the GraphPad
Prism (Version 6.0; GraphPad Software Inc., San Diego, CA).
Categorical data was analyzed by Chi-square test. PFS curves
were constructed using the Kaplan-Meier method. The log-rank
test was used to evaluate the significant differences. Receiver
operating characteristics (ROC) curves were constructed to eval-
uate the diagnostic values of TOPO-1 and CES-2, and p values-
associated area under curve was computed by using the trape-
zoid rule. All hypothesis tests were two-sided, and P value less
than 0.05 was considered to be statistically significant.

Results

Patient characteristics

A total of 105 patients from the Fourth Affiliated Hospital of
Guangxi Medical University were recruited in this study, and
all the patients were diagnosed with mCRC by pathological and
radiographic examination. There were 5 patients who did not
complete the chemotherapy and 2 patients who suffered from a
second type of cancer. These 7 patients were excluded from the
study, and therefore 98 patients were finally included in the
analysis. All the 98 patients were followed up until March 20,
2016. Table 1 summarized the primary clinicopathological
characteristics of these patients.

Immunohistochemical analysis of TOPO-1 and CES-2
expression in CRC tissues

Immunohistochemical staining showed positive staining of
TOPO-1 localized in the nucleus of the CRC cells. The tumor
specimens showed various levels of expression, with some
tissues showed high expression of TOPO-1 (Fig. 1A) and
some showed low expression of TOPO-1 (Fig. 1B). The posi-
tive immunostaining of CES-2 was localized in the cell mem-
brane and cytoplasm of the CRC cells. Similarly, some tumor

Table 1. The primary characteristics of 98 patients with mCRC.

Variable number Percentage(%)

Age(year)
�60 62 63.27
>60 36 36.73

Gender
Male 51 52.04
Female 47 47.96

Tumor site
Colon 49 50.00
Rectum 49 50.00

Tumor Grade
High-Middle 65 66.37
Low 33 33.63

Metastatic Site
Liver 60 61.22
Other 38 38.78
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tissues showed high expression of CES-2 (Fig. 2A), and some
showed low expression of CES-2 (Fig. 2B). Using the median
value of expression as a cut-off point, quantitative analysis of
the staining indicated that 46 (46.94%) patients had high
expression of TOPO-1, and 52 patients had low expression of
TOPO-1 (43.06%). For CES-2, 53 (54.08%) patients had high
expression and 45 (45.92%) patients had low expression. The
correlation analysis showed that there was no significant asso-
ciation between TOPO-1 and CES-2 expression in CRC tis-
sues (Table 2).

The correlation of the expression of TOPO-1 or CES-2
and clinicopathological characteristics in mCRC patients

We examined the differential expression of TOPO-1 or CES-2
and their correlation with the clinicopathological characteristics
in mCRC patients. As shown in Table 3, there is no statistically
significant association of TOPO-1 expression with age, gender,
tumor site, tumor grade and metastatic sites. Similarly, no sig-
nificant correlation was found in CES-2 expression with age,
gender, tumor site, tumor grade and metastatic sites (Table 4).

The relationship between the TOPO-1 or CES-2 expression
and the irinotecan curative effect in mCRC patients

In the following-up of irinotecan treatment in these 98 mCRC
patients, 4 patients achieved CR, 35 patients had PR, 33
patients had SD, and 26 patients had PD. The RR was 39.80%.
As shown in Table 5, the RR in mCRC patients with high
TOPO-1 expression was higher than that with low TOPO-1
expression, but was not statistically significant (P D 0.052). The
RR in high CES-2 expression group was 49.06%, and the RR in
the low CES-2 expression group was 28.89%, and there was a

significantly difference in RR between these two groups
(Table 5, P D 0.042). These results suggested that the high
expression of TOPO-1 or CES-2 predicts higher RR in mCRC
patients. The ROC curves for TOPO-1 and CES-2 were also
constructed. The AUC for TOPO-1 curve was 0.641 with
0.6667 (95% confidence interval (CI): 0.4978–0.8091) sensitiv-
ity and 0.4576 specificity (95% CI: 0.3272–0.5925) when the
cut-off values was 3.5 (Fig. 3A, P D 0.019); the AUC for CES-2
curve was 0.6648 with 0.5897 (95% CI: 0.421–0.744) sensitivity
and 0.5636 (95% CI: 0.4232–0.6970) specificity when the cut-
off value was 24.55% (Fig. 3B, P D 0.0067).

The correlation between TOPO-1 or CES-2 expression
and PFS in mCRC patients

Based on the follow-up study, we constructed the Kaplan-Meier
curves for PFS in mCRC patients with correlation with TOPO-
1 or CES-2 expression in CRC tissues. Among all the patients,
5 patients progressed and 69 patients died. The patients with
the high expression of TOPO-1 in CRC tissues had higher PFS
than that with the low expression of TOPO-1 in CRC tissues
(Median PFS: high expression, 14 months vs. low expression,
10 months, Fig. 4A, P D 0.0101). Similarly, the patients with
the high expression of CES-2 in CRC tissues also had higher
PFS than that with the low expression of CES-2 in CRC tissues
(Median PFS: high expression, 13 months vs. low expression, 9
months, Fig. 4B, P D 0.046). The Kaplan-Meier curves for OS
was also constructed based on the follow-up study, and consis-
tently, patients with high expression of TOPO-1 or CES-2 in
CRC tissues had higher OS than that with low expression of
TOPO-1 (Fig. 5A, P D 0.0383) or CES-2 (Fig. 5B, P D 0.0077)
in CRC tissues. These results suggest that the low expression of
TOPO-1 or CES predicts poor prognosis in mCRC patients.

Figure 1. Immunohistochemistry of TOPO-1 in CRC tissues. (A) High expression of TOOPO-1. (B) Low expression of TOPO1. Scale bar D 100 mm.

Figure 2. Immunohistochemistry of CES-2 in CRC tissues. (A) High expression of CES-2. (B) Low expression of CES-2. Scale bar D 100 mm.
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Discussion

Based on the cancer statistics 2016, CRC accounts for approxi-
mately 10% of all types of malignant tumors worldwide..18In
the last two decades, the incidence of CRC ranked the second
among all the gastrointestinal malignant tumors.18Among all
the diagnosed CRC cases, 40–50% cases were at early stage,
which can be cured by surgical resection. About 30% patients
were diagnosed at late stage, and these CRC patients usually
had recurrence and tumor metastasis after surgical resection,
and these patients had a 5-year survival rate of only 5–8%.19For
these patients, chemotherapy was commonly used to improve
the survival of the patients.

Recently, irinotecan in combination with other chemothera-
peutic drugs were used in clinic for the management of mCRC.
Irinotecan is a novel water soluble camptothecin derivative,
and it specifically inhibits TOPO-1 activity resulting in irrevers-
ibly damage of DNA in tumor cells and leading to tumor cell
death.20Irinotecan can be hydrolyzed into SN-38 by CES.
The anti-tumor effect of the active SN-38 is 100–1000 times
more potent than irinotecan. Some clinical studies showed that
the anti-tumor effects of irinotecan are due to the cytotoxic
activity of SN-38.21, 22 Studies also showed that treatment with
irinotecan, fluorouracil, and leucovorin resulted in significantly
longer PFS and longer overall survival, as compared with treat-
ment with fluorouracil and leucovorin.23In some multicenter
randomized trials, the response rate and overall survival were
significantly higher in patients in the irinotecan group than in
those in the no-irinotecan group; time to progression was also
significantly longer in the irinotecan group than in the no-iri-
notecan one.24 These results suggest the effective role of irinote-
can in the treatment for mCRC.

TOPO-1 are enzymes that cut of the two strands of double
stranded DNA, relax and re-anneal the DNA strand. TOPO-1
has several functions including removal of DNA supercoils
during transcription and DNA replication; strand breakage
during recombination; chromosome condensation and disen-
tangling intertwined DNA during mitosis. In the malignant
tumors such as CRC, cervical cancer, ovarian cancer and neu-
roblastoma, the expression of TOPO-1 in these tumors cells
were significantly higher than the respective control normal
cells.10, 12, 25 Thus, these tumors cells are more sensitive to the
TOPO-1 inhibitors such as irinotecan, which selectively inhib-
its the TOPO-1 activity. Qiu et al., 2013 showed that mCRC
patients with down-regulated ECC1 on Oxaliplatin or up-regu-
lated TOPO-1 on irinotecan have longer survival and better
curative effect.26 In addition, the results of the MRC FOCUS
study of 1313 patients with mCRC indicated that tumors with
moderate or high levels of TOPO-1 expression as determined
by immunohistochemistry showed the greatest benefit from
adding irinotecan in the first-line metastatic setting.27However,
subsequent data from the similar ‘CAIRO’ study from the
Dutch Colorectal Cancer Group failed to replicate these find-
ings, showing no association seen between TOPO-1 expression
(by immunohistochemistry) and response to irinotecan in 545
patients.28 In the present study, we demonstrated that TOPO-1
expression was correlated with PFS and OS in mCRC patients,
however, neither TOPO-1 had significant association with the
investigated clinicopathological characteristics including age,
gender, tumor site, tumor grade and metastatic sites. These
contradictory findings suggest that although absolute TOPO-1
expression may play a role, it is likely that additional molecules
might contribute to the sensitivity of irinotecan.

Table 2. The correlation of TOPO-1 and CES-2 expression in patients.

TOPO-1 CES-2 N P value

high high 29 0.094
high low 17
low high 24
low low 28

Table 3. The correlation between TOPO-1 expression and clinicopathological char-
acteristics in mCRC patients.

Clinicopathological
characteristics N

high
expression
(n D 46) (%)

low
expression
(n D 52) (%)

P
value

Age(year)
�60 62 28(45.16) 34(54.94) 0.463
>60 36 18(50.00) 18(50.00)

Gender
Male 51 21(41.18) 30(58.82) 0.234
Female 47 25(53.19) 22(46.81)

Tumor site
Colon 49 19(38.78) 30(61.22) 0.105
Rectum 49 27(55.10) 22(44.90)

Tumor grade
High-Middle 65 30(46.15) 35(53.85) 0.827
Low 33 16(48.48) 17(51.52)

Metastatic Site
Liver 60 26(43.33) 34(56.67) 0.899
Other 38 20(52.63) 18(47.37)

Table 4. The correlation between CES-2 expression and clinicopathological charac-
teristics in mCRC patients.

Clinicopathologi
calcharacteristics N

High expression
(n D 53) (%)

Low expression
(n D 45) (%) P value

Age(year)
�60 62 33(53.23) 29(46.77) 0.933
>60 36 20(55.56) 16(44.44)

Gender
Male 51 26(50.98) 25(49.02) 0.521
Female 47 27(57.45) 20(42.55)

Tumor site
Colon 49 28(47.46) 21(42.86) 0.543
Rectum 49 25(51.02) 24(48.98)

Tumor grade
High-Middle 65 35(53.85) 30(46.15) 0.948
Low 33 18(54.55) 15(45.45)

Metastatic Site
Liver 60 34(56.67) 26(42.11) 0.369
Other 38 18(47.37) 20(52.63)

Table 5. The correlation of TOPO-1 and CES-2 expression in mCRC with curative
effect.

Tumor marker N RR(CRCPR) N (%) P value

TOPO-1
high 46 23 (50.00) 0.052
low 52 16 (30.77)

CES-2
high 53 26 (49.06) 0.042
low 45 13 (28.89)
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CESs aremainly distributed in the cytoplasm and endoplasmic
reticulum and are important pathways of drug metabolism. CESs
are regulated by various nuclear receptors. In humans, two car-
boxylesterases, CES-1 and CES-2 are identified, and both are
expressed in the liver, but levels of CES-1 greatly exceed those of
CES-2. In the intestine, only high levels of CES-2 are expressed,
and CES-2 was also found to be more important in activating

irinotecan than CES-1[29]. Studies have demonstrated the up-
regulation of CES-2 in various types of tumor cells and suggested
the potential role of CES-2 as a biomarker for chemotherapeutic
effect of irinotecan and prognosis in human cancers. Studies from
Ohtsuka et al, demonstrated that 70% of non-small cell lung can-
cers expressed CES-211. Uchida et al., showed that CES-2 expres-
sion in neuroblastoma cell lines was positively correlated with
sensitivity to irinotecan, and CES-2 expression was found to be
significantly higher in patients with a characteristics related to
advanced disease[10]. One study also showed that 48 of 118

Figure 3. ROC curves analysis of TOPO-1 and CES-2 expression in the CRC tissues. (A) ROC curve for TOPO-1 discriminates the curative effect. (B) ROC curve for CES-2 dis-
criminates the curative effect.

Figure 4. The relationship between TOPO-1 expression/CES-2 expression and the
PFS in patients with mCRC. (A) Kaplan-Meier curves for PFS in mCRC patients corre-
lation with TOPO-1 expression in CRC tissues (P D 0.00101). (B) Kaplan-Meier
curves for PFS in mCRC patients correlation with CES-2 expression in CRC tissues
(P D 0.046).

Figure 5. The relationship between TOPO-1 expression/CES-2 expression and the
OS in patients with mCRC. (A) Kaplan-Meier curves for OS in mCRC patients correla-
tion with TOPO-1 expression in CRC tissues (P D 0.00273). (B) Kaplan-Meier curves
for OS in mCRC patients correlation with CES-2 expression in CRC tissues
(P D 0.0077).
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pancreatic ductal adenocarcinomas exhibiting high CES-2
expression and the high expression of CES-2 in tumor tissues was
associated with longer overall survival in pancreatic ductal adeno-
carcinoma patients who underwent irinotecan treatment[9].
Consistently, in our study, we showed that CES-2 expression level
was significantly associated with the curative effect and PFS and
OS in mCRC patients. These results suggest that expression of
CES-2 may be a contributor to irinotecan sensitivity in mCRC
patients.

In summary, our results suggest both TOPO-1 and CES-2
may serve as biomarkers for predicting the chemotherapeutic
effect of irinotecan and prognosis in mCRC patients. The lack of
significant correlation between TOPO-1 and CES-2 suggest that
both of them act on different pathways. In the present study, by
suing single TOPO-1 or CES-2 as single biomarker present rela-
tive low sensitivities and specificities, suggesting that TOPO-1 or
CES-2 alone may be inadequate to provide very powerful clinical
evidence for irinotecan-based therapy. Using both TOPO-1 and
CES-2 as prognostic factors can be more accurately predict the
therapeutic effect of irinotecan in mCRC patients. However,
because of the limited number of mCRC patients, the present
findings warrants further study in more mCRC patients.
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