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Background: The aim of this study was to examine the association between serum expression of miRNA-155 and postop-
erative cognitive dysfunction (POCD) after laparoscopic surgery for colon cancer.

Material/Methods: We enrolled 110 patients scheduled to undergo colon tumor resection via laparotomy in Ningbo No. 2 Hospital
from July 2013 to November 2015. The blood samples were collected from the participants 1 day before sur-
gery. Multiple logistic regression analysis was used for the analysis of independent predictive biomarkers for
POCD.

Results: On the 7% postoperative day, 29 of the 110 participants developed POCD, yielding a POCD incidence of 26.4%.
Age, MMSE score, duration of surgery and anesthesia, serum levels of CRP, TNF-a, urea, creatinine, and miR-
NA-155 were highly associated with the occurrence of POCD. Serum expression of miRNA-155 was shown by
multiple logistic regression analysis to be an independent predictive indicator for POCD after surgery (OR: 2.732;
95%Cl 1.415-5.233; P=0.002).
Conclusions: The serum expression of miRNA-155 is an independent predictive factor for POCD after laparoscopic surgery
for colon cancer.
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Material and Methods

Colorectal cancer (CRC) is one of the most common cancers
worldwide and ranks the second in cancer-related mortality [1].
Along with the development of diagnosis and treatment regi-
mens, the survival rate of patients with CRC has significantly
increased during the past few years. Multi-detector comput-
ed tomography (MDCT) and virtual colonoscopy with 64-row
CT are both useful imaging methods for early detection of
CRC and are tolerated well by patients [2,3]. The use of lap-
aroscopic surgery for CRC is increasing rapidly, and some in-
stitutions regard laparoscopy as the standard procedure for
surgical treatment of CRC. Postoperative cognitive dysfunction
(POCD) is one of the most common postoperative complications
in elderly patients, but the mechanism by which this occurs is
unknown [4]. Recently, it was reported that the incidence of
POCD for patients aged over 65 years who underwent gener-
al anesthesia can be as high as 25.8% at 1 week, and some
of them will sustain long-term cognitive dysfunction or even
develop dementia [5]2/22-rdf-syntax-ns#. Nonetheless, stud-
ies also showed that the incidence of POCD at 3 months after
surgery was 12.7% [6]. It is suggested that cognitive dysfunc-
tion is caused by early postoperative nervous system damage,
and the protective mechanism of the body can be simultane-
ously initiated for self-repair; therefore, the cognitive function
in some of these patients could be significantly improved or
restored [7]. It is expected that exploring the mechanism and
early prediction of postoperative cognitive function will improve
prognosis and therapy. MicroRNAs (miRNAs) were discovered
in eukaryotic cells and play important roles in the transcrip-
tion and translation of target genes [8]. MiRNAs also partici-
pate in the development of nervous system diseases, as de-
scribed by recent studies [9]. For example, in the occurrence of
Huntington’s disease, multiple miRNAs were found to be ab-
normally expressed and researchers have suggested that the
miRNA expression levels have a close relationship with the oc-
currence and progression of Huntington’s disease [10]. Some
other studies also suggested that miRNAs participate in the
neural tube defects [11]x8fHx8fHx§5pf, nervous system devel-
opment, neurobehavioral disorders [12], and nervous system
damage repair [9]. As reported by recent studies, the levels of
miRNAs in tissues and peripheral blood samples are very sim-
ilar [13]. Because expressions of miRNAs from the peripheral
blood samples are stable and convenient to detect, peripheral
blood miRNAs have been commonly used as effective markers
for the diagnosis and prognosis of various diseases, especially
tumors [14]. Previous studies have reported that miRNA-155 is
involved in regulating various physiological and pathological
processes such as inflammation, immunity, cancer, cardiovas-
cular diseases, and nervous system diseases [15,16]. However,
less is known about miRNA-155 and POCD in patients with co-
lon cancer after the surgery.

Patients

This study was approved by the Medical Institutional Ethics
Committee of Zhejiang province. Patients scheduled to undergo
colon tumor resection via laparotomy in Ningbo No. 2 hospital
from July 2013 to November 2015 were enrolled in this study.
The inclusion criteria were age 60-75 years old, laparoscop-
ic surgery for colon cancer under spinal anesthesia, American
Society of Anesthesiologists (ASA) grade 2 and 3, and patient
consent. Exclusion criteria were cognitive impairment charac-
terized by MMSE<24, history of dementia, disease of the cen-
tral nervous system, history of surgery within 6 months, low
patient compliance, inability to read, serious hearing or vision
loss, poor comprehension of the Chinese language, and recent
cerebrovascular accident (<6 months).

Methods
Cytokines measurements

All the blood samples in this study were collected from pa-
tients who provided signed informed consent. The obtained
blood samples were collected in anticoagulant tubes on the
day before surgery and were centrifuged at 820 rpm at 4°C
for 10 min. The supernatant was stored at —=70°C for further
analysis. Inflammatory cytokines, including C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor-o. (TNF-a),
were measured by using enzyme-linked immunosorbent as-
say (ELISA) following the manufacturer’s instructions, and the
ELISA kits purchased from R&D Systems (Minneapolis, MN).

RNA isolation and quantitative real-time PCR

TRIzol reagent was used for the isolation of total RNA from se-
rum samples and reverse transcription reactions using miRcute
miRNA First-strand cDNA Synthesis kits following the instruc-
tions of the manufacturer. The kits used in this study were all
purchased from Invitrogen Co. Ltd. (Carlsbad, CA). Real-time
PCR was then conducted and miRNA expression levels were
calculated (relative to B-actin) using the 2-24% method.

Assessment of POCD

To evaluate the neuropsychological testing, the Cambridge
Neuropsychological Test Automated Battery (CANTAB, CANTAB
Cognition, Cambridge, UK), a touchscreen computer system,
was used in our study [17]. The CANTAB test includes a spa-
tial recognition memory test, a pattern recognition memory
test, a choice reaction time test, a motor screening Test, the
visual verbal learning test, and the Stroop color-word inter-
ference test in 3 parallel versions in random order. Patients
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were required to complete the CANTAB test on the day before
surgery, and at 7 days and at 3 months after the surgery. To
eliminate the possible interference factors, all tests were car-
ried out in a quiet room at the same time of day and with no
other people present except for the patient and investigator.
To define POCD, the calculation of reliable change index (RCI)
according to the recommendations of Rasmussen et al. was
used: POCD was defined when the RCI score was <-1.96 at
least on 2 tests or when the combined Z score was <-1.96 [18].

Statistical analysis

SPSS 19.0 (SPSS, Inc.) was used for statistical analysis. Data
are all presented as number (n) and percentage (%), or mean
+ standard error (SEM), as appropriate. The chi-square test
and Mann-Whitney U test were used for the statistical anal-
ysis. Multiple logistic regression analysis was used for the
analysis of independent predictive biomarkers for POCD. All
statistical tests were 2-tailed and P<0.05 was accepted as sta-
tistically significant.

Results

POCD and various clinicopathological variables

During the inclusion period a total of 165 participants met the
inclusion criteria and were asked to participate. Of these 165
participants, 55 were excluded: 41 refused informed consent,
12 had information missing, and 2 had their surgery canceled.
On the 7 postoperative day, 29 of the 110 participants devel-
oped POCD, yielding a POCD incidence of 26.4%. The indicators
of general characteristics and intraoperative conditions were
with not significantly different between patients with and with-
out POCD. To measure the possible predicative indicators for
POCD, blood samples were collected from the 110 participants
before the surgery. As shown in Table 1, significant preopera-
tive differences were found between patients with and with-
out POCD in age (P=0.004), MMSE score (P=0.038), duration of
surgery (P=0.034), and anesthesia (P=0.029). The potential se-
rum indexes CRP, TNF-q, urea, and creatinine were also signifi-
cantly higher in patients with POCD on the 7% postoperative day
(P<0.05). As shown in the scatter plots of Figure 1, patients who
developed POCD had a significant higher expression of serum
miRNA-155 (P<0.01). Previous studies have revealed that serum
CRP and urinary trypsin inhibitor are involved in postoperative
cognitive dysfunction, especially in elderly patients [19]. Elevated
plasma concentrations of TNF-o, IL-6, and S-100p protein also
contributed to the occurrence of POCD as biomarkers of system-
ic inflammation [20]. Therefore, we chose to measure these cy-
tokines (including CRP, TNF-q, IL-6, urea, and creatinine) in our
study as possible predicative factors or confounding factors for
POCD according to the results reported by previous studies [21].
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POCD and predicative factors

Table 1 shows that age, MMSE score, duration of surgery and
anesthesia, and serum levels of CRP, TNF-o, urea, creatinine,
and miRNA-155 were highly associated with the occurrence of
POCD after colon surgery via laparotomy. The multiple logistic
regression analysis used for the analysis of independent pre-
dictive biomarkers for POCD shows that elevated serum ex-
pression of miRNA-155 was an independent predictive indi-
cator for POCD after surgery (OR: 2.732; 95%Cl 1.415-5.233;
P=0.002) (Table 2).

Discussion

POCD has been reported to be a common complication after
surgery, but the mechanism by which this occurred was un-
known [22]. Direct brain insults such as hypotension, hypox-
ia, and infarcts, as well as aberrant stress responses induced
by infection, surgical trauma, and anxiety, were suggested as
2 major categories of etiologies for POCD [23,24]. These risk
factors mentioned above are common in abdominal surgeries,
leading to the higher incidence of POCD after surgery, especial-
ly in elderly patients [25]. This study aimed to investigate the
potential non-invasive biomarkers for POCD after colon tumor
resection via laparotomy. The results showed that individuals
who developed POCD by the 7 postoperative day had higher
preoperative age and MMSE score, longer duration of surgery
and anesthesia, and higher levels of CRP, TNF-a, urea, and cre-
atinine. These findings suggest that there was greater cellular
immune activation and cognitive function changes in partic-
ipants at risk of POCD, even before the surgery. However, as
shown in the multiple logistic regression analysis, these fac-
tors were not independent predictors for POCD after the sur-
gery. In contrast to our results, other studies suggested that
age, level of education, and anesthesia duration might be in-
dependent risk factors in the pathogenesis of POCD [26,27].
The different results were probably due to the differences in
sample size, operation type, and age of participants.

Neurobehavioral disorders associated with N-methyl-D-aspartate
receptor were reported to be associated with the abnormal ex-
pression of miR-219 [12]. Patients with Alzheimer’s disease were
found to have significantly abnormal expression of miR-124 [28].
All these studies suggest that miRNAs have a very close correla-
tion with neural tube defects, neurobehavioral disorders, and ner-
vous system damage repair [9]. In the present study, we detect-
ed the expressions of miRNA-155 in circulating peripheral blood
by the analyses of quantitative real-time PCR. The patients who
developed POCD on the 7t postoperative day had significantly
up-regulated miRNA-155 expression in the peripheral blood be-
fore the surgery in comparison with those who did not develop
POCD, as supported by quantitative real-time PCR analysis. These
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Table 1. Preoperative characteristics of patients with and without POCD.

POCD (n=29) Non-POCD (n=81) P-value
Age (year) 71.8+6.5 67.4+7.0 0.004*
CGender
"""" male 13 (aasw 30 Gow
"""" Female 16 (s52%) 51 (630% 0461
CmsAphysicalstatus
"""" . @aw a2 s1em
"""" w17 se» 39 (@81% 0333
CemiGgm 227 2133 088
CMMSE (sco) wss17 85816 0038
Charlson Comorbidity Index 1407 15205 0410
Duration of surgery (min) 16724303 1s3gs282 0034%
Duration of anesthesia (min)  1902t414 17231359 0029
Estimated blood loss (m)  3113x1004 32411357 0644
Duration of hospital stay (days) 11338 10941 0647
CINMstage
"""" N A S
"""" wv o1, oes
CTumormetastasis
"""" s 9 0
"""" N 0 & os06
CAnaesthetic
"""" Propofol MVA) 10 (45%) 34 @0
"""" Volatile anaesthesia 19 (655%) 47 (580% 0480
TDugs
"""" Fentaml 20 (90% 53 (654%)
"""" Remifentanil 9 (10% 28 (46%) 0730
CRP(mg)  1asss  121:8 0044
we(pgm)  19ax0s 1854 0761
CNEa(mol) o1:24 78820 0.005*
Creatinine (nmott) 983221 saar261 0012
CUrea(mmo) 78121 63120 0012
Relative mRNA-155 expression  178:067 113088 0001*

ASA — American Society of Anesthesiologists; MMSE — mini-mental state examination; BMI — body mass index; TIVA — total intravenous
anesthesia; POCD — postoperative cognitive dysfunction; CRP — C-reactive protein; IL-6 — interleukin-6; TNF-a. — tumor necrosis
factor-o.. P-values were calculated by Chi-square test or Mann-Whitney U-test. * P value <0.05.
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Table 2. Multiple logistic regression analysis for POCD after laparoscopic surgery for colon cancer.

Parameter

Relative miRNA-155 expression

1.415-5.233

MMSE — mini-mental state examination; CRP — C-reactive protein; TNF-o. — tumor necrosis factor-o; POCD — postoperative cognitive

dysfunction; CI — confidence interval; OR — odds ratio. * P value<0.05.
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Figure 1. Scatter plots of preoperative relative serum expression
of miRNA-155 in patients with and without post-
operative cognitive dysfunction (POCD).

results strongly suggest a close correlation between serum ex-
pression of miRNA-155 and the occurrence of POCD. As report-
ed by previous studies, miRNA-155 is specifically expressed in
hematopoietic cells, endothelial cells, smooth muscle cells, and
cells involved in vascular remodeling, including T cells, B cells,
monocytes, and granulocytes [29,30]. MiRNA-155 can also pro-
mote tissue inflammation by regulating the development of in-
flammatory T cells, and the inhibition of miRNA-155 is accom-
panied by reduced inflammation. Therefore, some researchers
suggested miRNA-155 as a promising therapeutic target in pro-
inflammatory conditions [31]. MiRNA-155 is also significantly
associated with endothelial and vascular function through the
modulation of endothelial nitric oxide synthase (eNOS) expres-
sion, nitric oxide (NO) production, and regulation of vascular in-
flammation [32,33]. Previous literature reports and some in vivo

investigations suggested that miR-155 inhibition can broadly
influence vascular function and brain tissue remodeling, in ad-
dition to its specific effect on endothelial tight junctions [34].
Multivariate logistic regression analysis was used in this study
to examine the potential role of miRNA-155 to predict POCD.
The results revealed that serum expression of miRNA-155 was
an independent predictive factor for POCD, but the mechanism
involved remains unclear and requires further research. It is un-
fortunate that some other confounding factors, including depth
of anesthesia [35], pre-surgically impaired mental status, alco-
hol abuse [36], hypoxemia, or hypotension [37] were not tak-
en into consideration. The depth of anesthesia during elective
surgical procedures of intermediate duration was a significant
factor for postoperative cognitive function [35].

Conclusions

This current study is the first to demonstrate that evaluation
of preoperative serum miRNA-155 might be a promising clin-
ical tool for predication of POCD after laparoscopic surgery
for colon cancer.

Study limitations

The sample size of this study was relatively small and the
mechanisms involved remain unclear. Long-term follow-up
and monitoring the incidence of POCD would improve the
precision of results.
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