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編言 

 
 

    高雄長庚醫院外傷科一直以來除了服務南台灣之大量外傷病患，不斷

提升臨床之照護水準外，尤兢兢業業於各項臨床與基礎方面之研究工作。

彙整我們過去一年來由科內醫師擔任第一或指導作者所發表之學術研究工

作內容，不僅是在於對過去之一路走來之足跡做一個回顧及檢討，也希望

能藉由於增加外傷醫學領域之學術交流外，促進對外傷病患之全方面照

顧。 
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Alcohol-related hospitalizations of adult
motorcycle riders
Hang-Tsung Liu1, Chi-Cheng Liang1, Cheng-Shyuan Rau2, Shiun-Yuan Hsu1 and Ching-Hua Hsieh1*
Abstract

Objective: To provide an overview of the demographic characteristics of adult motorcycle riders with alcohol-related
hospitalizations.

Methods: Data obtained from the Trauma Registry System were retrospectively reviewed for trauma admissions at a
level I trauma center between January 1, 2009 and December 31, 2013. Out of 16,548 registered patients, detailed
information was retrieved regarding 1,430 (8.64%) adult motorcycle riders who underwent a blood alcohol
concentration (BAC) test. A BAC level of 50 mg/dL was defined as the cut-off value for alcohol intoxication.

Results: In this study, alcohol consumption was more frequently noted among male motorcycle riders, those aged
30–49 years, those who had arrived at the hospital in the evening or during the night, and those who did not wear a
helmet. Alcohol consumption was associated with a lower percentage of sustained severe injury (injury severity
score ≥25) and lower frequencies of specific body injuries, including cerebral contusion (0.6; 95% confidence interval
[CI] = 0.42–0.80), lung contusion (0.5; 95% CI = 0.24–0.90), lumbar vertebral fracture (0.1; 95% CI = 0.01–0.80), humeral
fracture (0.5; 95% CI = 0.27–0.90), and radial fracture (0.6; 95% CI = 0.40–0.89). In addition, alcohol-intoxicated motorcycle
riders who wore helmets had significantly lower frequencies of cranial fracture (0.4; 95% CI = 0.29–0.67), epidural
hematoma (0.5; 95% CI = 0.29–0.79), subdural hematoma (0.4; 95% CI = 0.28–0.64), subarachnoid hemorrhage
(0.5; 95% CI = 0.32–0.72), and cerebral contusion (0.4; 95% CI = 0.25–0.78).

Conclusions: Motorcycle riders who consumed alcohol presented different characteristics and bodily injury patterns
relative to sober patients, suggesting the importance of helmet use to decrease head injuries in alcohol-intoxicated riders.

Keywords: Trauma, Blood alcohol concentration (BAC), Injury severity score (ISS), Motorcycle, Helmet
Background
Motorcyclists are extremely vulnerable road participants
who are exposed to severe and often fatal injuries. They
are reportedly 8 times more likely to be injured per
vehicle mile and 35 times more likely to die in a motor
vehicle traffic crash than are automobile passengers [1].
These findings are of particular concern because the
average age of motorcyclists is increasing [2]. In Taiwan,
motorcyclists comprise a major portion of the trauma
population; nearly 60% of all driving fatalities involve
motorcycles [3]. Therefore, the identification of high-risk
injury patterns may be beneficial in terms of improving
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the care and final outcomes of trauma patients admitted
to hospitals [4].
Risky drinking has been consistently and strongly associ-

ated with higher frequencies of emergency department
visits and hospitalizations [5,6]. In trauma patients, alcohol
intoxication may lead to a higher preclinical mortality, im-
pact of speed differences, and injury severity [7]. At lower
blood alcohol concentration (BAC) levels, motorcyclists
are more often involved in crashes than are car drivers [8].
Nearly 60% and 40% of car and motorcycle driver fatalities,
respectively, involved alcohol consumption [9], which even
at doses as low as 10–40 mg/dL can impair driving
performance [10]. Furthermore, the risk of involvement in
a fatal accident increases exponentially with the driver’s
BAC level [11].
However, Mann et al. explained that higher BAC levels

might lead to less severe injuries without impacting
s is an Open Access article distributed under the terms of the Creative Commons
rg/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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Table 1 Demographics and characteristics of adult
motorcycle riders with positive and negative blood
alcohol concentration

Variables BAC+, n (%) BAC-, n (%) p

N = 601 N = 829

Age (years) 39.2 ±11.7 39.5 ±14.1 0.000

Age category

20-29 years 148 (24.6%) 278 (33.5%) 0.000

30-39 years 169 (28.1%) 142 (17.1%) 0.000

40-49 years 153 (25.5%) 147 (17.7%) 0.000

50-59 years 102 (17.0%) 190 (22.9%) 0.006

≥60 years 29 (4.8%) 72 (8.7%) 0.005

Gender 0.000

Male 537 (89.4%) 536 (64.7%)

Female 64 (10.6%) 293 (35.3%)

Time

7:00-17:00 112 (18.6%) 384 (46.3%) 0.000

17:00-23:00 252 (41.9%) 280 (33.8%) 0.002

23:00-7:00 237 (39.4%) 165 (19.9%) 0.000

Helmet

Drivers(+) 411 (68.4%) 648 (78.2%) 0.000

Drivers(-) 145 (24.1%) 108 (13.0%) 0.000

Passengers(+) 13 (2.2%) 25 (3.0%) 0.322

Passengers(-) 10 (1.7%) 7 (0.8%) 0.158

Unknown 22 (3.7%) 41 (4.9%) 0.242

BAC level (mg/dL)

Mean 193.1 ±72.6 6.4 ±6.6 0.000

Range 50-443.1 0-49.8
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mortality or the length of hospital stay (LOS) [12]. The
odds ratio (OR) of collision between motorcyclists and un-
expected pedestrians in an urban scenario increased 3-fold
at a BAC of 0.02% relative to sobriety [13]. Furthermore,
hazard perception ability, measured by responses to a
peripheral detection task, was impaired following alcohol
consumption [13]. Riding performance and hazard percep-
tion ability were shown to be impaired at a BAC of 0.05%
[13]. Considering that almost all motorcycles are forbidden
on highways in Taiwan and other Asian cities and that
most traffic accidents occur in relatively crowded streets
and at low velocities in these cities, the impact of alcohol
intoxication on motorcycle injuries in Taiwan differs from
that observed in Western countries and should be re-
evaluated. Therefore, the purpose of this epidemiologic
study was to investigate the injury patterns, severity, and
mortality of adult patients hospitalized for alcohol-related
injuries sustained in motorcycle accidents at a level I
trauma center in southern Taiwan.

Methods
Study design
The study was conducted at Kaohsiung Chang Gung
Memorial Hospital, a 2400-bed facility and level I regional
trauma center that provides care to trauma patients
primarily from the southern region of Taiwan. The Chang
Gung Medical Foundation Institutional Review Board
approved this study prior to its commencement (approval
number 103-3628B). A retrospective study was designed
to review all patients whose data were entered into the
Trauma Registry System between January 1, 2009 and
December 31, 2013. Out of 16,548 registered patients,
1,430 (8.64%) adult motorcycle riders and passengers
(both referred to as riders hereafter) underwent a BAC
test. Patients who did not undergo the BAC test were ex-
cluded from the study. A BAC level of 50 mg/dL, the legal
limit for drivers in Taiwan, was defined as the cut-off
value. Therefore, patients with a BAC level ≥50 mg/dL at
the time of arrival at the hospital were considered intoxi-
cated and were included in the study for further analysis.
Detailed patient information was retrieved from the
Trauma Registry System of our institution and included
the following variables: age, gender, vital signs upon
admission, arrival time at the hospital, injury mechanism,
BAC levels upon arrival, Glasgow coma scale (GCS),
abbreviated injury scale (AIS) of each body region, injury
severity score (ISS), new injury severity score (NISS),
trauma-injury severity score (TRISS), associated injuries,
LOS, length of intensive care unit stay (LICUS), and in-
hospital mortality rate. The first GCS score recorded in
the emergency department was used in the analysis to
minimize the effect of alcohol metabolism over time. Data
collected regarding the populations of motorcycle riders
with a positive BAC (n = 601, 42.0%) were compared to
data from those with a negative BAC (n = 829, 58.0%)
using SPSS v.20 statistical software (IBM Corporation,
Armonk, NY, USA), and Pearson’s chi-squared test, Fisher’s
exact test, or the independent Student’s t-test was used as
appropriate. All results are presented as means ± standard
errors. A p-value <0.05 was considered statistically
significant.

Results
The mean ages of patients with positive and negative BAC
levels were 39.2 ± 11.7 years and 39.5 ± 14.1 years, respect-
ively (Table 1). After age stratification (by decade), a posi-
tive BAC was more frequently observed among patients
aged 30–49 years and a negative BAC was more frequently
observed among those aged 20–29 years and ≥50 years.
A positive BAC was significantly associated with gender
and the time of arrival at the hospital. Of the 601
patients with a positive BAC, 89.4% (n = 537) were men
and 10.6% (n = 64) were women. Of the 829 patients
with a negative BAC, 64.7% (n = 536) were men and
35.3% (n = 293) were women. Most patients with a
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positive BAC arrived at the hospital in the evening
(17:00–23:00) and during the night (23:00–7:00); most
patients with a negative BAC arrived during the day-
time (7:00–17:00). When patients were analyzed with
respect to helmet use, for which data were recorded for
96.3% of patients with a positive BAC and 95.1% of
patients with a negative BAC, the percentage of drivers
who wore a helmet was significantly higher among
those with a negative BAC than among those with a
positive BAC (78.2% vs. 68.4%; p = 0.000). In addition,
the percentage of riders who had not worn a helmet
was significantly higher among drivers with a positive
BAC than among those with a negative BAC (24.1% vs.
13.0%; p = 0.000). In contrast, no significant difference
regarding helmet use was observed between motorcycle
passengers with positive and negative BAC levels. The
mean BAC levels of injured adult motorcycle riders ad-
mitted to the trauma center with negative and positive
BAC levels were 6.4 mg/dL (range: 0–49.8 mg/dL) and
193.1 mg/dL (range: 50–443.1 mg/dL), respectively.
The mean BAC level among patients with a positive
BAC was nearly 4 times the legal limit permitted for
drivers in Taiwan.
As shown in Table 2, the GCS score was significantly

lower among patients with a positive BAC than among
those with a negative BAC (12.1 ± 3.9 vs. 12.9 ± 3.6;
p = 0.003); however, the difference was <1 point. The
incidence of unclear consciousness (GCS score ≤8) was
Table 2 Glasgow coma scale and injury-related
characteristics of adult motorcycle riders with positive
and negative blood alcohol concentration

Variables BAC + N = 601 BAC-N = 829 p

GCS 12.1±3.9 12.9 ±3.6 0.003

GCS, n (%)

≤8 122 (20.3%) 134 (16.2%) 0.004

9-12 95 (15.8%) 83 (10.0%) 0.001

≥13 384 (63.9%) 612 (73.8%) 0.000

AIS, n (%)

Head/Neck 352 (58.6%) 492 (59.3%) 0.767

Face 274 (45.6%) 329 (39.7%) 0.026

Thorax 123 (20.5%) 164 (19.8%) 0.750

Abdomen 69 (11.5%) 98 (11.8%) 0.843

Extremity 353 (58.7%) 504 (60.8%) 0.432

ISS 12.9 ±9.3 14.1 ±10.0 0.059

<16 387 (64.4%) 503 (60.7%) 0.152

16-24 153 (25.5%) 199 (24.0%) 0.529

≥25 61 (10.1%) 127 (15.3%) 0.004

NISS 15.4 ±11.1 16.5 ±11.9 0.052

TRISS 0.933 ±0.155 0.931 ±0.157 0.910

Mortality, n (%) 19 (3.2%) 41 (4.9%) 0.097
significantly higher among patients with a positive BAC
than among those with a negative BAC (20.3% vs. 16.2%;
p = 0.004). The percentage of patients with a GCS score
of 9–12 was also significantly higher among patients
with a positive BAC than among those with a negative
BAC (15.8% vs. 10.0%; p = 0.001). In contrast, the
percentage of patients with a GCS score ≥13 was signifi-
cantly higher among those with a negative BAC than
among those with a positive BAC (73.8% vs. 63.9%;
p = 0.000). According to the AIS, patients with a positive
BAC had a higher rate of facial injury than did those
with a negative BAC ((45.6% vs. 39.7%; p = 0.026). The
frequencies of injuries to the head/neck, thorax, abdo-
men, and extremities did not significantly differ between
these 2 groups. Alcohol consumption was associated
with a lower ISS (12.9 ± 9.3 vs. 14.1 ± 10.0; p = 0.059)
and NISS (15.4 ± 11.1 vs. 16.5 ± 11.9; p = 0.052) than was
sobriety, although these difference were not significant.
However, no differences were observed between the
positive and negative BAC groups in terms of the TRISS
(0.933 ± 0.155 and 0.931 ± 0.157, respectively; p = 0.910)
or in-hospital mortality rate (3.2% and 4.9%, respectively;
p = 0.097). When the patients were stratified according
to the ISS (i.e., <16, 16–24, and ≥25), an ISS ≥25 was
more common among patients with a negative BAC
than among those with a positive BAC (15.3% vs. 10.1%;
p = 0.004).
Alcohol use was not associated with the LOS in patients

with a positive or negative BAC (12.0 days and 13.2 days,
Table 3 Hospital and ICU length of stay (LOS) and mortality
rates in patients stratified by the injury severity score

Variables ISS BAC + N = 601 BAC-N = 829 p

LOS 12.0 ±11.3 13.2 ±14.4 0.183

n (%) <16 387 (64.4%) 503 (60.7%) 0.152

16-24 153 (25.5%) 199 (24.0%) 0.529

≥25 61 (10.1%) 127 (15.3%) 0.004

days <16 9.5 ±9.1 9.9 ±7.7 0.176

16-24 14.7±11.7 15.2 ±12.6 0.816

≥25 21.4 ±15.9 23.7 ±26.7 0.085

LICUS 221 (36.8%) 339 (40.9%) 0.115

n (%) <16 59 (26.7%) 93 (27.4%) 0.848

16-24 106 (48.0%) 139 (41.0%) 0.105

≥25 56 (25.3%) 107 (31.6%) 0.113

days <16 4.4 ±3.9 5.0 ±3.5 0.973

16-24 5.7 ±4.8 6.3 ±5.7 0.497

≥25 9.9 ±8.3 13.0 ±15.7 0.029

Mortality

n (%) <16 3 (0.8%) 3 (0.6%) 0.747

16-24 5 (3.3%) 6 (3.0%) 0.892

≥25 11 (18.0%) 32 (25.2%) 0.274



Table 4 Associated injuries of the adult motorcycle riders with positive and negative blood alcohol concentration

Variable BAC + N = 601 BAC- N = 829 Odds ratio (95% CI) p

Head trauma, n(%)

Neurologic deficit 13 (2.2) 21 (2.5) 0.9 (0.42-1.71) 0.650

Cranial fracture 130 (21.6) 149 (18.0) 1.3 (0.97-1.64) 0.085

Epidural hematoma (EDH) 82 (13.6) 109 (13.1) 1.0 (0.77-1.42) 0.786

Subdural hematoma (SDH) 126 (21.0) 185 (22.3) 0.9 (0.72-1.19) 0.541

Subarachnoid hemorrhage (SAH) 142 (23.6) 231 (27.9) 0.8 (0.63-1.02) 0.072

Intracerebral hematoma (ICH) 34 (5.7) 54 (6.5) 0.9 (0.55-1.34) 0.506

Cerebral contusion 60 (10.0) 134 (16.2) 0.6 (0.42-0.80) 0.001

Cervical vertebral fracture 9 (1.5) 13 (1.6) 1.0 (0.41-2.25) 0.915

Maxillofacial trauma, n(%)

Maxillary fracture 110 (18.3) 125 (15.1) 1.3 (0.95-1.67) 0.104

Mandibular fracture 50 (8.3) 53 (6.4) 1.3 (0.89-1.99) 0.164

Orbital fracture 39 (6.5) 38 (4.6) 1.4 (0.91-2.29) 0.115

Nasal fracture 20 (3.3) 22 (2.7) 1.3 (0.68-2.34) 0.456

Thoracic trauma, n(%)

Rib fracture 86 (14.3) 99 (11.9) 1.2 (0.90-1.68) 0.188

Hemothorax 16 (2.7) 22 (2.7) 1.0 (0.52-1.93) 0.992

Pneumothorax 18 (3.0) 28 (3.4) 0.9 (0.48-1.61) 0.686

Hemopneumothorax 12 (2.0) 25 (3.0) 0.7 (0.33-1.32) 0.231

Lung contusion 12 (2.0) 35 (4.2) 0.5 (0.24-0.90) 0.020

Thoracic vertebral fracture 5 (0.8) 7 (0.8) 1.0 (0.31-3.12) 0.980

Abdominal trauma, n(%)

Intra-abdominal injury 13 (2.2) 27 (3.3) 0.7 (0.34-1.28) 0.216

Hepatic injury 35 (5.8) 50 (6.0) 1.0 (0.62-1.50) 0.870

Splenic injury 16 (2.7) 21 (2.5) 1.1 (0.54-2.03) 0.879

Retroperitoneal injury 2 (0.3) 4 (0.5) 0.7 (0.13-3.77) 0.665

Renal injury 6 (1.0) 9 (1.1) 0.9 (0.33-2.60) 0.873

Urinary bladder injury 2 (0.3) 1 (0.1) 2.8 (0.25-30.56) 0.387

Lumbar vertebral fracture 1 (0.2) 13 (1.6) 0.1 (0.01-0.80) 0.008

Extremity trauma, n(%)

Scapular fracture 25 (4.2) 19 (2.3) 1.9 (1.01-3.39) 0.044

Clavicle fracture 96 (16.0) 105 (12.7) 1.3 (0.97-1.77) 0.076

Humeral fracture 15 (2.5) 41 (4.9) 0.5 (0.27-0.90) 0.018

Radial fracture 37 (6.2) 82 (9.9) 0.6 (0.40-0.89) 0.012

Ulnar fracture 25 (4.2) 43 (5.2) 0.8 (0.48-1.31) 0.368

Metacarpal fracture 15 (2.5) 21 (2.5) 1.0 (0.50-1.93) 0.965

Pelvic fracture 20 (3.3) 34 (4.1) 0.8 (0.46-1.41) 0.449

Femoral fracture 57 (9.5) 87 (10.5) 0.9 (0.63-1.27) 0.531

Patella fracture 21 (3.5) 27 (3.3) 1.1 (0.60-1.92) 0.806

Tibia fracture 57 (9.5) 78 (9.4) 1.0 (0.71-1.44) 0.962

Fibular fracture 31 (5.2) 52 (6.3) 0.8 (0.51-1.28) 0.374

Calcaneal fracture 17 (2.8) 26 (3.1) 0.9 (0.48-1.67) 0.737

Metatarsal fracture 6 (1.0) 18 (2.2) 0.5 (0.18-1.15) 0.088
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respectively; p = 0.183) regardless of their ISS (i.e., <16,
16–24, and ≥25; Table 3). In addition, alcohol use was not
associated with the percentage of patients admitted to the
ICU in the positive or negative BAC group (36.8% vs.
40.9%, respectively; p = 0.115); however, in the subgroup
of patients with an ISS of ≥25, patients with a negative
BAC had a longer LICUS than did those with a positive
BAC ((13.0 days vs. 9.9 days; p = 0.029). No difference in
the LICUS was observed between these 2 groups for the
ISS <16 and 16–24 categories. To summarize, there were
more patients with a negative BAC and ISS ≥25, and these
patients had a longer LICUS. In addition, no significant
difference was observed in mortality between the positive
and negative BAC groups, regardless of injury severity.
Injuries associated with motorcycle accidents are

shown in Table 4. Significantly lower ORs were observed
among adult motorcycle riders with a positive BAC who
experienced cerebral contusion (0.6; 95% confidence
interval [CI] = 0.42–0.80; p = 0.001), lung contusion (0.5;
95% CI = 0.24–0.90; p = 0.020), lumbar vertebral fracture
(0.1; 95% CI = 0.01–0.80; p = 0.008), humeral fracture (0.5;
95% CI = 0.27–0.90; p = 0.018), and radial fracture (0.6;
95% CI = 0.40–0.89; p = 0.012; Figure 1).
In subsequent analyses, we focused on accidents associ-

ated with helmet use among motorcycle riders with a
positive BAC (Table 5). We found that 424 patients did
and 155 patients did not wear a helmet in these alcohol-
related motorcycle accidents. Motorcycle riders who
had worn a helmet had significantly lower ORs for cranial
fracture (0.4; 95% CI = 0.29–0.67; p = 0.000), epidural
hematoma (0.5; 95% CI = 0.29–0.79; p = 0.003), subdural
hematoma (0.4; 95% CI = 0.28–0.64; p = 0.000), subarach-
noid hemorrhage (0.5; 95% CI = 0.32–0.72; p = 0.000), and
cerebral contusion (0.4; 95% CI = 0.25–0.78; p = 0.004;
Figure 2) than those who had not worn a helmet.
Figure 1 Odds ratio (OR) of associated injuries in the adult motorcycl
Discussion
In this study, we analyzed the demographics and character-
istics of alcohol-related motorcycle injuries in a population
of adult patients at a level I trauma center. As expected, a
positive BAC was more frequently noted among male
patients, those aged 30–49 years, those who arrived at the
hospital in the evening or during the night, and those who
did not wear a helmet. In addition, patients who consumed
alcohol before their injury were more likely to suffer a fa-
cial injury and have a lower initial GCS as determined
upon presentation at the emergency department.
Motorcycle riders with a positive BAC had less severe

injuries (ISS ≥25) than did riders with a negative BAC.
In addition, alcohol-intoxicated motorcycle riders had
decreased ORs for cerebral contusion, lung contusion,
lumbar vertebral fracture, humeral fracture, and radial
fracture when compared with sober patients. However,
this does not mean that alcohol consumption protects
patients from sustaining severe injuries. Although the
legal BAC limits differ from country to country, motor-
cycle riders are typically subjected to the same limits as
car drivers [13]; however, the level of skill required to
ride a motorcycle or drive a motor vehicle under the
influence of the same alcohol concentration should also
be considered. Alcohol-related accidents differ distinctly
from non-alcohol-related crashes, and inattention is the
strongest contributing factor to these accidents [14].
Motorcycle riding performance and hazard perception
were shown to be impaired at a BAC of 0.05% [13].
Riders who consume alcohol are more likely to lose
control of the motorcycle by driving off the road, be in-
volved in a single vehicle accident, violate traffic control
signals, and be involved in non-intersection collisions
[14]. Although the relationship between a low BAC and
riding performance is reported to be complex, evident
e riders with positive or negative BAC.



Table 5 Associated injuries of the alcohol-intoxicated adult motorcycle riders with or without helmet-wearing

Variables Helmet + N = 424 Helmet-N = 155 Odds ratio (95% CI) p

Head/Neck trauma, n(%)

Neurologic deficit 9 (2.1%) 4 (2.6%) 0.8 (0.25-2.70) 0.742

Cranial fracture 73 (17.2%) 50 (32.3%) 0.4 (0.29-0.67) 0.000

Epidural hematoma (EDH) 47 (11.1%) 32 (20.6%) 0.5 (0.29-0.79) 0.003

Subdural hematoma (SDH) 71 (16.7%) 50 (32.3%) 0.4 (0.28-0.64) 0.000

Subarachnoid hemorrhage (SAH) 84 (19.8%) 53 (34.2%) 0.5 (0.32-0.72) 0.000

Intracerebral hematoma (ICH) 21 (5.0%) 10 (6.5%) 0.8 (0.35-1.64) 0.478

Cerebral contusion 32 (7.5%) 24 (15.5%) 0.4 (0.25-0.78) 0.004

Cervical vertebral fracture 6 (1.4%) 3 (1.9%) 0.7 (0.18-2.94) 0.654

Maxillofacial trauma, n(%)

Maxillary fracture 73 (17.2%) 34 (21.9%) 0.7 (0.47-1.17) 0.195

Mandibular fracture 34 (8.0%) 13 (8.4%) 1.0 (0.49-1.86) 0.886

Orbital fracture 28 (6.6%) 10 (6.5%) 1.0 (0.49-2.16) 0.948

Nasal fracture 13 (3.1%) 5 (3.2%) 0.9 (0.33-2.71) 0.922

Thoracic trauma, n(%)

Rib fracture 66 (15.6%) 16 (10.3%) 1.6 (0.90-2.86) 0.109

Hemothorax 11 (2.6%) 4 (2.6%) 1.0 (0.32-3.21) 0.993

Pneumothorax 11 (2.6%) 5 (3.2%) 0.8 (0.27-2.34) 0.682

Hemopneumothorax 9 (2.1%) 2 (1.3%) 1.7 (0.35-7.77) 0.516

Lung contusion 6 (1.4%) 6 (3.9%) 0.4 (0.11-1.12) 0.066

Thoracic vertebral fracture 3 (0.7%) 2 (1.3%) 0.5 (0.09-3.29) 0.502
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impairment of some riding performance measures has
been observed at a BAC of 0.02% but no effects, even
positive ones, were demonstrated for other riding per-
formance measures [13]. In this study, the mean BAC
among patients with a positive BAC was nearly 4 times
the legal limit permitted for driving in Taiwan, indicating
that the riding performance in these patients was obvi-
ously impaired relative to patients with a negative BAC.
Therefore, motorcycle riders who consume alcohol may
tend to be involved in accidents in crowded cities and
have a lower percentage of severe injury and lower
frequency of specific body injuries when compared with
sober motorcycle riders.
Alcohol consumption is among the most important per-

sonal risk factors for serious and fatal injuries and contrib-
utes to approximately one-third of all deaths due to
Figure 2 Odds ratio (OR) of associated injuries in the alcohol-intoxica
alcohol-intoxicated trauma accidents [15]. Alcohol intoxi-
cation has also been described as resulting in increased
mortality during the clinical course [15,16]. Motorcycle
riders have an estimated 3-fold higher fatality risk at a
BAC of 0.03% (95% CI = 2.8–3.5) and a 20-fold higher
fatality risk at a BAC of 0.08% (95% CI = 15.0–27.3),
compared with sober riders [17]. An age >60 years, lack of
a helmet, driving after alcohol consumption, and driving
without a valid license have been determined as factors in-
fluencing the high frequency and risk of motorcycle death
[3]. Head trauma was found to be the most frequent and
severe injury type among motorcycle accident cases in
which alcohol consumption was the most significant fac-
tor [18]. Traumatic brain injury (67%) and hypovolemic
shock (38%) have been reported as the most frequent
causes of death in such cases [18]. The present study
ted adult motorcycle riders with or without helmet-wearing.
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further revealed that a significant percentage of alcohol-
intoxicated motorcycle riders did not wear a helmet,
leaving them at an increased risk of head region injury.
Although the serum ethanol level has been shown to be
associated independently with either increased [19,20] or
decreased mortality in patients with traumatic brain injuries
[21,22], some authors have reported that the risk of fatality
among patients with a brain injury was significantly re-
duced if the patients were intoxicated (BAC ≥200 mg/dL)
before the injury [23]. In the present study, the mortality
rates of patients with positive and negative BAC levels did
not significantly differ, regardless of the ISS (i.e., <16,
16–24, and ≥25). Our study observation was similar to that
of a previous report in which the mortality risk was not
higher in patients with a positive BAC [23].
Although there a mandatory law for the motorcycle

rider to wear a helmet in Taiwan, the motorcyclists or pas-
sengers who are intoxicated and uninsured are less likely
to wear a helmet [24]. In Los Angeles, motorcyclists who
consumed alcohol were half as likely to wear a helmet,
compared with nondrinkers [25]. Similar results were also
observed in the present study, in which sober motorcycle
drivers were significantly more likely to wear a helmet
than were alcohol-intoxicated drivers. However, the hel-
met status did not significantly differ among motorcycle
passengers. The effectiveness of helmets for reducing the
risk of crash-related severe head injury in motorcyclists is
well established [26]. In addition, an increased risk of ad-
verse facial injury outcomes were observed for riders with
non-fixed helmets relative to those with fixed helmets
(adjusted OR = 2.10; 95% CI = 1.41–3.13) [26]. According
to our analyses regarding helmet status among motorcycle
riders with a positive BAC, alcohol-intoxicated riders who
wore a helmet had a significantly lower OR for sustaining a
cranial fracture, epidural hematoma, subdural hematoma,
subarachnoid hemorrhage, or cerebral contusion. Although
several preventive measures exist, wearing a helmet has
particularly been shown to protect against head injuries
and can be cost-effective if proposed as a regulated bylaw
for motorcyclists [27-29]. In an analysis of 858,741 traffic
deaths in the United States during a 20-year period, the
mortality rates attributed to each of the following risk
factors decreased by the corresponding percentages: no
motorcycle helmet, 74%; alcohol, 53%; not wearing a seat
belt, 49%; and lack of an air bag, 17% [30]. Therefore,
education and prevention strategies may provide benefits
by targeting high-risk populations [24].
The limitations of this study include the use of a retro-

spective design and the lack of data regarding the circum-
stances of the injury mechanism and the decision-making
in dealing with the associated injuries [31]. The lack of
data regarding the motorcycle speed during accidents,
type of motorcycle, type of helmet material, and use of
any other protective materials prevented an analysis of
motorcycle-related hospitalization according to exposure-
based risks. Furthermore, although rare in Taiwan, the
combination of psychoactive drug and alcohol use may
further increase the risk of an accident. BAC measure-
ments are the most commonly used method to determine
whether trauma patients have consumed alcohol, and all
drivers involved in traffic accidents are legally compelled
to undergo a test to estimate their BAC; however, a few
patients may have refused to undergo an actual BAC test
after alcohol consumption was confirmed using a breath-
alyzer. Accordingly, these patients might have been in-
cluded in an incorrect analytical category because the
breathalyzer results had not been noted in the medical
records; however, in our experience, such cases are rare.

Conclusion
In summary, alcohol consumption was more frequently
noted among male motorcycle riders, those aged 30–49
years, those who arrived at the hospital in the evening or
during the night, and those who did not wear a helmet. Pa-
tients who had consumed alcohol had a lower likelihood of
sustaining a severe injury (ISS ≥25) and a lower frequency
of specific body injuries. In addition, alcohol-intoxicated
motorcycle riders who wore helmets had significantly
lower frequencies of cranial fracture, epidural hematoma,
subdural hematoma, subarachnoid hemorrhage, and cere-
bral contusion.
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ABSTRACT
Objectives: To provide an overview of the
demographic characteristics of patients with positive
blood alcohol concentration (BAC) and to investigate
the performance of brain CT scans in these patients.
Design: Cross-sectional study.
Setting: Taiwan.
Participants: 2192 patients who had undergone a
test for blood alcohol of 13 233 patients registered in
the Trauma Registry System between 1 January 2009
and 31 December 2012. A BAC level of 50 mg/dL was
defined as the cut-off value. Detailed information was
retrieved from the patients with positive BAC (n=793)
and was compared with information from those with a
negative BAC (n=1399).
Main outcome measures: Glasgow Coma Scale
(GCS) and Injury Severity Score (ISS) as well as the
performance and findings of obtained brain CT scans.
Results: Patients with positive BAC had a higher rate
of face injury, but a lower GCS score, a lower rate of
head and neck injury, a lower ISS and New Injury
Severity Score. Alcohol use was associated with a
shorter length of hospital stay (8.6 vs 11.4 days,
p=0.000) in patients with an ISS of <16. Of 496
patients with positive BAC who underwent brain CT,
164 (33.1%) showed positive findings on CT scan. In
contrast, of 891 patients with negative BAC who
underwent brain CT, 389 (43.7%) had positive findings
on CT scan. The lower percentage of positive CT scan
findings in patients with positive BAC was particularly
evident in patients with an ISS <16 (18.0% vs 28.8%,
p=0.001).
Conclusions: Patients who consumed alcohol tended
to have a low GCS score and injuries that were less
severe. However, given the significantly low percentage
of positive findings, brain CT might be overused in
these patients with less severe injuries.

BACKGROUND
Alcohol abuse and dependence are leading
risk factors for injury.1 Alcohol at doses as
low as 10–40 mg/dL can impair driving

performance,2 and the risk of being involved
in a fatal accident increases exponentially
with the driver’s blood alcohol concentration
(BAC).3 Studies have consistently demon-
strated that risky drinking is strongly asso-
ciated with a higher frequency of emergency
department visits and hospitalisation.4 5 In
the USA, more than 28 000 accidental deaths
per year are attributed to alcohol intake6 and
1.4 million emergency department injury
visits are alcohol related.7

Acute alcohol intoxication often compli-
cates the medical work-up required to rule
out a potential undetected injury. If a
depressed level of consciousness in a patient
with traumatic brain injury is mistakenly
attributed to alcohol intoxication, urgently
needed diagnostic and therapeutic interven-
tions may be delayed. However, if alcohol
intoxication results in an overestimation of
the severity of traumatic brain injury, more
advanced techniques such as serial CT or

Strengths and limitations of this study

▪ Trauma patients with alcoholic intoxication had
different characteristics regarding injury areas,
Glasgow Coma Scale score and severity of injury
than those who had negative blood alcohol con-
centration (BAC).

▪ In patients with an Injury Severity Score of <16,
alcohol intoxication is associated with a shorter
length of hospital stay and a lower likelihood of
positive findings on brain CT.

▪ The use of psychoactive drugs in addition to
alcohol was not analysed and may be a con-
founding factor.

▪ The patients took a breathalyser test confirming
the presence of alcohol, but no actual BAC test
was performed, raising the possibility that some
patients may have been entered into the wrong
group for subsequent analysis, which could have
led to selection bias.
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more invasive procedures such as intracranial pressure
monitor insertion may be unnecessarily performed4;
there could also be unwarranted intensive care unit
(ICU) admissions.8 It was previously proposed that signifi-
cant alterations in the state of consciousness of trauma
patients are predominantly a result of factors other than
alcohol use.8 These factors may include head injuries,
extracranial injuries, shock, hypothermia or concomitant
use of central nervous system depressants in the form of
medication or illicit drugs.8 Therefore, some researchers
have proposed that a positive BAC should not be consid-
ered a sufficient reason to delay procedures such as brain
CTor to modify treatment plans.8 9

Physicians cannot always rely on the responses of an
intoxicated patient to questions asked during medical
evaluations. There is no reliable method to determine
whether an individual patient with an altered mental
state is a chronic drinker with tolerance to alcohol. In
addition, it is unlikely that a drinking history can be
obtained or relied on in this clinical situation. It is also
important to consider whether physicians may be under
undue pressure and may perform CT scans simply to
avoid the risk of errors or litigation. In this study, we
aimed to provide an overview of the demographic and
injury-related characteristics of patients with positive
BAC and to investigate the performance and results of
brain CT between groups of trauma patients classified as
having positive or negative BAC.

METHODS
Study design
The study was conducted at Kaohsiung Chang Gung
Memorial Hospital, a 2400-bed facility and Level I
regional trauma centre that provides care to trauma
patients primarily from the southern region of Taiwan.
The Chang Gung Medical Foundation Institutional
Review Board (IRB) approved this study before it was
started (approval number 103-0418B). An informed
consent was waived according to the regulations of the
IRB. A retrospective study was designed to review all
patients whose data were entered into the Trauma
Registry System between 1 January 2009 and 31
December 2012. Of 13 233 registered patients, 2192
(16.6%) underwent a BAC test. Patients who did not
undergo the BAC test were excluded from the study.
According to the law of Taiwan, an alcohol test is system-
atically required for those in a traffic accident who had
possibly consumed alcohol. Detailed patient information
was retrieved from the Trauma Registry System of our
institution, which included the following variables: age,
gender, vital signs on admission, arrival time, injury
mechanism, helmet-wearing status of motorcycle riders,
BAC levels on arrival, Glasgow Coma Scale (GCS),
Abbreviated Injury Scale (AIS) of each body region,
Injury Severity Score (ISS), New Injury Severity Score
(NISS), Trauma-Injury Severity Score (TRISS), perform-
ance of brain CT, CT-documented injuries, length of

hospital stay (LOS), length of ICU stay (LICUS) and
in-hospital mortality. The severity of head injuries was
graded according to the AIS, a strictly anatomic measure
of the severity of injury. A value of 0 was assigned to
those without injury to the head region. The first GCS
score recorded in the emergency department was used
in the analysis to minimise the time for alcohol
metabolism.
A BAC level of 50 mg/dL was defined as the cut-off

value, the legal limit for drivers in Taiwan. Therefore, a
BAC level of 50 mg/dL or higher at the time of arrival
to the hospital was considered to define intoxication,
and these patients were included in the further analysis.
Patients who underwent a BAC test (n=2192, 16.6%)
were compared with those did not receive a BAC test
(n=11 041, 83.4%). Patients with a positive BAC (n=793,
36.2%) were compared with those with a negative BAC
(n=1399, 63.8%) using SPSS V.20 statistical software
(IBM) for statistical analysis. Where applicable,
Pearson’s χ2 test, the Fisher exact test or an independent
Student t test was performed. We adopted a logistic
regression approach to evaluate the association between
BAC and the binary outcomes of performing brain CT.
All results are presented as the mean±SE. A p value less
than 0.05 was considered to be statistically significant.

RESULTS
The mean age of patients with negative and positive
BAC was 41 years (table 1). On stratification by age (by
decade), positive BAC was more frequent among
patients aged 30–49 years and negative BAC was less fre-
quent among those aged 10–19 years and >60 years. Of
the 793 patients with positive BAC, 88% (n=698) were
men and 12% (n=95) were women. Of the 1,399
patients with negative BAC, 71.2% (n=996) were men
and 28.8% (n=403) were women. Positive BAC was sig-
nificantly associated with sex and the time of arrival.
Most patients with positive BAC arrived between 23:00
and 7:00 (n=329, 41.5%), and most patients with nega-
tive BAC arrived between 7:00 and 17:00 (n=636,
45.5%). With regard to the mechanism of injury, most
injured patients were drivers of motorcycles: 64.3%
(n=510) patients with positive BAC and 66.1% (n=925)
of patients with negative BAC. Analysis of the data
regarding helmet-wearing status, which were recorded
for 95.2% of the motorcycle riders with negative BAC
and 95.3% of the motorcycle riders with positive BAC,
revealed that alcohol consumption in motorcycle riders
was associated with a lower frequency of wearing a
helmet; there were significantly more motorcycle riders
with negative BAC wearing a helmet compared with the
motorcycle riders with positive BAC. Unlike reports on
studies in western countries, only 5.5% (n=44) of
patients with positive BAC and 3.6% (n=50) of those
with negative BAC were drivers of motor vehicles. The
mean BAC levels of injured patients admitted to a
trauma centre with negative BAC and positive BAC were
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6.4 mg/dL (range 0–49 mg/dL) and 192.3 mg/dL
(range 50–443 mg/dL), respectively. The mean BAC
level among patients with positive BAC was nearly four
times the limit legally permitted for driving.
When compared with the patients who did not have

an alcohol test, the patients who had undergone an
alcohol test presented a significantly lower GCS score
(14.7±1.4 vs 12.7±3.8, p=0.000), with the difference
being more than 1 point (table 2). The incidence of
unclear consciousness (GCS score 8 or less) and of a
GCS score of 9–12 was significantly higher in the
patients who had undergone an alcohol test. The per-
centage of patients with a GCS score of 13 or greater
was significantly higher among those without an alcohol
test. On the basis of the AIS, patients who had under-
gone an alcohol test had a higher rate of injuries to the
head/neck, face, thorax and abdomen; in contrast,
patients who did not have an alcohol test had a higher
rate of injury to an extremity. The patients who under-
went an alcohol test were associated with a higher ISS
(13.2±10.0 vs 7.1±5.5, p=0.000), NISS (15.0±11.1 vs 7.9
±6.2, p=0.000), a lower TRISS (0.92±0.18 vs 0.97±0.08,
p=0.000) and higher in-hospital mortality (4.3% vs 1.0%,

p=0.000). In addition, the GCS score was significantly
lower among patients with positive BAC than among
those with negative BAC (12.4±3.8 vs 12.8±3.7, p=0.020);
however, the difference was less than 1 point (table 2).
The incidence of unclear consciousness (GCS score 8 or
less) was not significant in patients with either positive
or negative BAC (p=0.228). The percentage of patients
with a GCS score of 9–12 was significantly higher among
patients with positive BAC (p=0.019). In contrast, the
percentage of patients with a GCS score of 13 or greater
was significantly higher among those with negative BAC.
On the basis of the AIS, patients with positive BAC had a
higher rate of facial injury (40.5% vs 31.9%; p=0.000)
than those with negative BAC. In contrast, patients
with negative BAC had a higher rate of head and neck
injuries (58.8% vs 52.7%; p=0.005). However, the fre-
quencies of injuries to the thorax, abdomen and extrem-
ities, were not significantly different between the groups.
Alcohol consumption was associated with a lower
ISS (12.1±10.0 vs 13.7±10.0, p=0.000) and NISS (13.8
±11.0 vs 15.7±11.0, p=0.000), but not with TRISS (0.93
±0.17 vs 0.92±0.18, p=0.236) or in-hospital mortality
(3.7% vs 4.6%, p=0.272). To ascertain the effects of

Table 1 Demographics of patients with positive and negative BAC

Variable

BAC−, n (%)

N=1399

BAC+, n (%)

N=793 p Value

Age 41±19 41±13 0.256

Age category

0–9 years 2 (0.1) 0 (0.0) 0.287

10–19 years 205 (14.7) 16 (2.0) 0.000

20–29 years 290 (20.7) 166 (20.9) 0.910

30–39 years 186 (13.3) 200 (25.2) 0.000

40–49 years 196 (14.0) 214 (27.0) 0.000

50–59 years 249 (17.8) 140 (17.7) 0.932

≥60 years 271 (19.4) 57 (7.2) 0.000

Gender 0.000

Male 996 (71.2) 698 (88.0)

Female 403 (28.8) 95 (12.0)

Time

7:00–17:00 636 (45.5) 147 (18.5) 0.000

17:00–23:00 436 (31.2) 314 (39.6) 0.000

23:00–7:00 323 (23.1) 329 (41.5) 0.000

Mechanism

Driver of MV 50 (3.6) 44 (5.5)

Passenger of MV 23 (1.6) 9 (1.1)

Driver of motorcycle 925 (66.1) 510 (64.3)

Passenger of motorcycle 59 (4.2) 20 (2.5)

Bicycle 48 (3.4) 23 (2.9)

Pedestrian 36 (2.6) 15 (1.9)

Unspecific 258 (18.4) 172 (21.7)

Helmet (motorcycle riders)

Yes 741 (80.1) 369 (72.4) 0.001

No 140 (15.1) 117 (22.9) 0.000

Unknown 44 (4.8) 24 (4.7) 0.965

BAC level (mg/dL)

Mean 6.4 192.3

Range 0–49 50–443

BAC, blood alcohol concentration; MV, motor vehicle
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head injury and the severity of the injury on the calcula-
tion of the GCS score, we stratified patients with an AIS
of 1–5 in the head and neck region according to ISS. An
ISS of <16 was more common among patients with posi-
tive BAC (48.1% vs 41.9%, p=0.039), and GCS scores dif-
fered significantly between head injury patients with
positive and negative BAC (10.9±4.3 vs 11.6±4.2,
p=0.004); however, the difference was still less than 1
point. GCS scores were significantly different (difference
of more than 1 point) between patients with positive

and negative BAC in the subgroup of patients with an
ISS of <16 (12.2±3.6 vs 13.3±3.1, p=0.001) or ≥25 (6.7
±4.5 vs 8.3±4.7, p=0.023).
On stratification of patients according to ISS (<16, 16–

24 and ≥25), an ISS of <16 was more common among
patients with positive BAC (68.0 vs 60.6, p=0.001) and an
ISS of 16–24 (26.2 vs 22.0, p=0.033) or ≥25 (13.2 vs 10.0,
p=0.024) was more common among patients with nega-
tive BAC (table 3). Alcohol use was associated with a
shorter LOS (8.6 vs 11.4 days, p=0.000) among patients

Table 2 GCS and injury-related characteristics of the patients who had and had not undergone an alcohol test as well as of

the patients with positive and negative BAC

Patients who did not have a BAC test vs patients who had undergone a BAC Test

Variables

No BAC test

N=11 041

BAC test

N=2192 p Value

GCS, n (%) 14.7±1.4 12.7±3.8 0.000

≤8 186 (1.7) 378 (17.2) 0.000

9–12 211 (1.9) 247 (11.3) 0.000

≥13 10 644 (96.4) 1567 (71.5) 0.000

AIS, n (%)

Head/neck 1981 (17.9) 1241 (56.6) 0.000

Face 1312 (11.9) 767 (35.0) 0.000

Thorax 989 (9.0) 442 (20.2) 0.000

Abdomen 542 (4.9) 282 (12.9) 0.000

Extremity 8235 (74.6) 1292 (58.9) 0.000

ISS 7.1±5.5 13.2±10.0 0.000

NISS 7.9±6.2 15.0±11.1 0.000

TRISS 0.97±0.08 0.92±0.18 0.000

Mortality, n (%) 107 (1.0) 94 (4.3) 0.000

Variable

BAC−
N=1399

BAC+

N=793 p Value

GCS, n (%) 12.8±3.7 12.4±3.8 0.020

≤8 231 (16.5) 147 (18.5) 0.228

9–12 141 (10.1) 106 (13.4) 0.019

≥13 1027 (73.4) 540 (68.1) 0.008

AIS, n (%)

Head/neck 823 (58.8) 418 (52.7) 0.005

Face 446 (31.9) 321 (40.5) 0.000

Thorax 283 (20.2) 159 (20.1) 0.920

Abdomen 184 (13.2) 98 (12.4) 0.594

Extremity 826 (59) 467 (58.9) 0.945

ISS 13.7±10.0 12.1±10.0 0.000

TRISS 0.92±0.18 0.93±0.17 0.236

NISS 15.7±11.0 13.8±11.0 0.000

Mortality, n (%) 65 (4.6) 29 (3.7) 0.272

AIS-head/neck

ISS

BAC−
N=823

BAC+

N=418 p Value

n (%) <16 345 (41.9) 201 (48.1) 0.039

16–24 316 (38.4) 152 (36.4) 0.485

≥25 162 (19.7) 65 (15.5) 0.075

GCS total 11.6±4.2 10.9±4.3 0.004

<16 13.3±3.1 12.2±3.6 0.001

16–24 11.5±4.1 10.8±4.0 0.079

≥25 8.3±4.7 6.7±4.5 0.023

AIS, Abbreviated Injury Scale; BAC, blood alcohol concentration; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; NISS, New Injury
Severity Score; TRISS, Trauma- Injury Severity Score.
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with an ISS of <16. LOS did not differ significantly
between patients with positive and negative BAC in the
subgroup of more severely injured patients (ISS of 16–
24 or ≥25). In addition, fewer patients with positive BAC
were admitted to the ICU among patients with an ISS of
<16 (9.6% vs 11.9%, p=0.009) or ≥25 (9.1% vs 10.7%,
p=0.033). Alcohol use was not associated with LICUS,
regardless of injury severity. Patients with positive and
negative BAC did not have significantly different mortal-
ity rates, again, regardless of injury severity.
Brain CT was performed in 496 of 793 (62.5%)

patients with positive BAC and in 891 of 1399 (63.7%)
patients with negative BAC (table 4). The rate of brain
CT performance was not significantly different between
the two groups, irrespective of injury severity. Brain CT
showed positive findings in 164 of the 496 (33.1%)
patients with positive BAC and in 389 of the 891
(43.7%) patients with negative BAC. The percentage of
positive findings was lower for patients with positive BAC
(p=0.000). This difference was attributed to the lower
percentage of positive findings among patients with posi-
tive BAC who had an ISS of <16 (18.0% vs 28.8%,
p=0.001). Consequently, the percentage of positive brain
CT findings did not differ significantly between the two
groups among more severely injured patients (ISS of
16–24 or ≥25). Further, the proportion of patients with
positive brain CT findings for the final diagnosis (sub-
arachnoid haemorrhage, subdural haemorrhage, epi-
dural haemorrhage and intracranial haemorrhage) did
not differ between patients with positive and negative
BAC. Binary logistic regression analysis was performed to
evaluate the relationship between BAC and the perform-
ance of brain CT among patients with positive BAC.
According to receiver operating characteristic curve

analysis (figure 1), a BAC of 156 mg/dL was identified
as the cut-off for the decision to perform brain CT, with
an area under the curve of 0.562±0.021 (95% CI 0.521
to 0.603; p=0.003). However, the discriminating power
was only slightly better than would be expected if left to
chance.

DISCUSSION
In this study, we identified a relationship between a low
GCS score and a low ISS, and alcohol consumption.
Another significant finding was that, in patients with an
ISS of <16, alcohol intoxication is associated with a
shorter LOS and a lower likelihood of positive findings
on brain CT.
The GCS is the most commonly used means of quanti-

fying the level of consciousness and for clinical decision-
making involving patients with traumatic brain injury in
emergency departments.10 Although prior studies have
demonstrated that alcohol consumption is associated
with a lower average GCS score,11 12 studies of the
impact of alcohol intoxication on the GCS score in
trauma patients report conflicting results. Some studies
have shown that alcohol consumption does not result in
a clinically significant reduction in the GCS score of
trauma patients.8 9 13 In a study of 108 929 patients regis-
tered with the National Trauma Data Bank of the
American College of Surgeons between 1994 and 2003,
alcohol consumption does not influence the GCS score
irrespective of the severity of traumatic brain injury.8 In
addition, when stratified by anatomic severity of head
injuries, alcohol consumption did not reduce the total
GCS score or any of its components (eg, motor, speech
and eye-opening) by more than 1 point in any group.8

Table 3 LOS and mortality rates in patients stratified by the ISS

Variable ISS

BAC−
N=1399

BAC+

N=793 p Value

Ward

n (%) <16 848 (60.6) 539 (68.0) 0.001

16–24 366 (26.2) 175 (22.0) 0.033

≥25 185 (13.2) 79 (10.0) 0.024

LOS (days) <16 11.4±10.5 8.6±7.6 0.000

16–24 13.0±11.5 14.8±12 0.182

≥25 19.8±22.5 21.1±16 0.652

ICU

n (%) <16 166 (11.9) 76 (9.6) 0.009

16–24 237 (16.9) 115 (14.5) 0.827

≥25 149 (10.7) 72 (9.1) 0.033

LICUS (days) <16 5.8±7.4 4.5±3.5 0.110

16–24 7.5±7.3 6.7±8.0 0.587

≥25 13.3±20.2 12.8±13.3 0.500

Mortality

n (%) <16 6 (0.4) 2 (0.3) 0.510

16–24 17 (1.2) 7 (0.9) 0.472

≥25 42 (3.0) 20 (2.5) 0.515

BAC, blood alcohol concentration; ICU, intensive care unit; ISS, Injury Severity Score; LICUS, length of ICU stay; LOS, length of hospital stay.

Rau C-S, et al. BMJ Open 2014;4:e005947. doi:10.1136/bmjopen-2014-005947 5

Open Access

group.bmj.com on November 3, 2014 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://group.bmj.com


In this study, the patients who had undergone a BAC
test had a significantly lower GCS score than those who
did not have a BAC test and the difference was more
than 1 point. In addition, the patients with positive BAC
and those with positive BAC and head injuries had a sig-
nificantly lower GCS score; however, the difference was
less than 1 point. When stratified by the ISS, patients
with positive BAC had a significantly lower GCS score by
more than 1 point among patients with an ISS of <16 or
≥25. Of note, the mean BAC of injured patients with a
positive BAC admitted to a trauma centre is 192.3 mg/
dL, a level nearly four times the limit legally permitted
for driving in Taiwan and sufficient to induce tolerance
in some patients. However, there is no reliable means
with which to determine whether an altered mental
status is characteristic of a chronic drinker with toler-
ance. These results support the assertion that injury

severity had an impact on the observed level of con-
sciousness and that significant alterations in the level of
consciousness in trauma patients are predominantly a
result of factors other than the consumption of alcohol
alone. The safest strategy is to consider all mental status
changes in trauma patients to be attributable to brain
injury, rather than to alcohol consumption.8

Our results showed that patients who had undergone
an alcohol test were associated with a higher ISS and
NISS, a lower TRISS and higher in-hospital mortality.
Besides, alcohol consumption was associated with a
lower ISS and NISS, but did not effect a significant
change in TRISS. The NISS is calculated as the sum of
the squares of the three highest AIS scores regardless of
the body region affected.14 Accordingly, a lower NISS
accompanied by a lower ISS in this study was expected.
In addition, the TRISS is calculated to determine the

Table 4 CT imaging performed to evaluate brain injuries

Brain CT performed in patients

ISS Brain CT

BAC−, n (%)

N=1399

BAC+, n (%)

N=793 p Value

Total 0.594

Yes 891 (63.7) 496 (62.5)

No 508 (36.3) 297 (37.5)

<16 0.435

Yes 427 (50.4) 283 (52.5)

No 421 (49.6) 256 (47.5)

16–24 0.837

Yes 307 (83.9) 148 (84.6)

No 59 (16.1) 27 (15.4)

≥25 0.599

Yes 157 (84.9) 65 (82.3)

No 28 (15.1) 14 (17.7)

Finding in the patients receiving brain CT examination

ISS Positive finding

BAC−, n (%)

N=891

BAC+, n (%)

N=496 p Value

Total 0.000

Yes 389 (43.7) 164 (33.1)

No 502 (56.3) 332 (66.9)

<16 0.001

Yes 123 (28.8) 51 (18.0)

No 304 (71.2) 232 (82.0)

16–24 0.228

Yes 174 (56.7) 75 (50.7)

No 133 (43.3) 73 (49.3)

≥25 0.985

Yes 92 (58.6) 38 (58.5)

No 65 (41.4) 27 (41.5)

Positive finding in the brain

Diagnosis

BAC−, n (%)

N=389

BAC+, n (%)

N=164 p Value

Subarachnoid haemorrhage 196 (50.4) 79 (48.2) 0.634

Subdural haemorrhage 186 (47.8) 80 (48.8) 0.836

Epidural haemorrhage 46 (11.8) 18 (11.0) 0.775

Intracranial haemorrhage 63 (16.2) 19 (11.6) 0.164

BAC, blood alcohol concentration; ISS, Injury Severity Score.
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probability of survival of patients from the ISS,15 blood
pressure, respiratory rate, GCS score, age and mechan-
ism of injury. This is also expected when the in-hospital
mortality is similar in patients with positive and negative
BAC. Also, patients who consumed alcohol before their
injury were more likely to have suffered a facial injury
but less likely to have suffered an injury to the critical
regions of the head and neck. Additionally, patients with
negative BAC had a higher frequency of traumatic brain
injuries as identified by brain CT than those with posi-
tive BAC (43.7% vs 33.1%, p=0.000). Some studies have
shown that serum ethanol is independently associated
with increased16 17 or decreased mortality in patients
with traumatic brain injuries,18 19 while another study
showed that the risk of mortality was not higher in
patients with positive BAC, as was the case in our study
as well.20 However, the observed associations of alcohol
consumption with a lower ISS and a lower frequency of
traumatic brain injury do not lead to the conclusion that
alcohol consumption protected patients from sustaining
severe injuries or traumatic brain injury. This is primarily
because alcohol intoxication impairs one’s motor skills,
reaction time, and judgement, and as a result impacts
one’s ability to ride a motorcycle or drive a motor
vehicle. The level of skill required to ride a motorcycle
or drive a motor vehicle under the influence of the
same concentration of alcohol should also be consid-
ered. In this study, motorcycle accidents comprised most
of the mechanisms of injury, in contrast to prior studies
that report alcohol-related traffic injuries to be primarily
limited to motor vehicle drivers.21

With regard to the LOS, alcohol consumption was
associated with a shorter LOS among patients with an
ISS of <16. The negative association between the LOS
and alcohol intoxication may be explained by the

observation that an intoxicated patient has a higher
chance of being hospitalised than a non-intoxicated
patient, and subsequently of getting discharged once
deemed to no longer be under the influence of
alcohol.4 Another potential explanation for a shorter
LOS among alcohol users could be an intense desire to
consume alcohol while they are hospitalised,22 leading
physicians to be more inclined to discharge them as
soon as their medical condition permits, to prevent
potential problems.22 Of note, in this study, the use of
alcohol was not associated with the LICUS, regardless of
the severity of injury.
It is reasonable to presume that many clinicians opt

for brain CT in injured patients if they deem the
physical examination results unreliable due to sub-
stance abuse. In this study, the rate of brain CT per-
formance did not differ significantly between patients
with positive or negative BAC and was not related to
the final diagnosis (subarachnoid haemorrhage, sub-
dural haemorrhage, epidural haemorrhage and intra-
cranial haemorrhage), irrespective of injury severity.
However, the percentage of patients with positive find-
ings was lower among patients with positive BAC, par-
ticularly among those with an ISS of <16. Similar
results have been reported, noting a relative risk of
performing brain CT of 1.18 when trauma patients
with an ISS of <16 are intoxicated.23 The results of
this study also imply that alcohol intoxication in
trauma patients may be associated with an unaccept-
able burden on hospital resources as well as an
increased cost of healthcare.
This study has some limitations. First, the combination

of psychoactive drugs and alcohol may further increase
the risk of having an accident,24 25 and potential drug
users may have refused to undertake drug tests, which
may have led to a selection bias. However, in our study,
this analytical bias is thought to be random. Second,
although BAC measurement is the most commonly used
method to determine whether trauma patients have con-
sumed alcohol and all drivers involved in traffic acci-
dents were compelled by law to undergo a test to
estimate BAC, a few patients may have refused to
undergo an actual BAC test after a breathalyser con-
firmed the presence of alcohol. Accordingly, such
patients may be entered and analysed with the wrong
group because the breathalyser results would not have
been noted in the medical records; however, in our
experience, such patients are rare. In addition, the lack
of exact time from the injury to an alcohol test may
result in a bias of the acquired data; however, according
to Taiwan government data from January 2009 to June
2009, the average transport time was about 12 min26 and
from our yet published study, which demonstrated that
the mean transport time of the patients transported by
emergency medical service (EMS) to our hospital was
18.3±7.9 min, the bias may be minimal. Finally, the lack
of clear and strict indication for performing a brain CT
examination in these intoxicated patients by the on-duty

Figure 1 Receiver operating characteristic (ROC) curve

analysis to identify the blood alcohol concentration cut-off

level for performing brain CT.
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physicians in the emergency department may result in
some bias in this study.

CONCLUSION
This study revealed that patients who consumed alcohol
tended to have a lower GCS score and less severe injur-
ies. Among those with an ISS of <16, alcohol intoxica-
tion was associated with a shorter LOS. Given the
significantly low percentage of positive findings for
alcohol consumption, brain CT may be overused in less
severely injured patients.
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Abstract

Background: To investigate the injury pattern, severity, and mortality of elderly patients hospitalized for treatment
of trauma following fall accidents.

Methods: Data obtained from the Trauma Registry System were retrospectively reviewed for trauma admissions
between January 1, 2009 and December 31, 2013 in a Level I trauma center. Of 16,548 registered patients, detailed
information was retrieved from the 2,403 elderly patients (aged 65 years and above) with fall accidents and was
compared with information from 1,909 adult patients (aged 20–64) with fall accidents.

Results: Falls presented the major mechanism for admission (59.9%) in the elderly patients. The number of elderly
patients who fell from a height <1 m was greater than that of the adult patients (91.9% vs. 62.5%, respectively,
p <0.001). The Injury Severity Score (ISS) (9.3 ± 4.4 vs. 8.3 ± 6.1, respectively, p =0.007) and New Injury Severity Score
(NISS) (10.3 ± 6.8 vs. 9.5 ± 8.2, respectively, p <0.001) were significantly higher in the elderly than the adult patients.
A significantly larger proportion of the elderly patients were admitted to the ICU (16.2% vs. 13.4%, respectively,
p =0.009), and the elderly were found to have longer stays in the intensive care unit (ICU) (8.6 days vs. 7.6 days,
respectively, p =0.034) but not in the hospital in general (9.6 days vs. 8.5 days, respectively, p =0.183). Additionally, a
significantly higher percentage of the elderly patients sustained subdural hematoma (10.1% vs. 8.2%, respectively,
p =0.032) and femoral fracture (50.6% vs. 14.1%, respectively, p <0.001). There were significant differences in in-hospital
mortality (18.2% vs. 10.3%, respectively, p =0.031) and length of stay in the hospital (11.6 days vs. 14.9 days, respectively,
p =0.037) between the elderly and adult patients with subdural hematoma, but not between those with femoral
fracture.

Conclusions: Analysis of the data indicates that elderly patients hospitalized for treatment of trauma following fall
accidents present with a bodily injury pattern that differs from that of adult patients and have a higher severe injury
score, worse outcome, and higher mortality than those of adult patients.

Keywords: Elderly, Injury Severity Score (ISS), Mortality, Fall
Background
Falls are a leading cause of injury and death among
the elderly and a significant public health issue [1-3].
Approximately one-third of the population over the
age of 65 experiences falls each year, a figure that rises
to over 50% among individuals aged 80 and above [4,5]. In
addition, the incidence of falls that lead to admission to
emergency units is increasing with the increased size and
rapid growth of the geriatric population [6,7]. The rates of
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fall-induced deaths and the absolute number of these
deaths, are increasing rapidly [8,9]. Therefore, considering
the fact that approximately 25% of the population of
Western countries will be in the geriatric age group by the
year 2030, hospitalization of geriatric patients for fall-
related injuries will become a major issue in the future
[10]. Moreover, the acute medical care costs of fall-related
injuries will continue to rise in the growing population of
the elderly who are living longer and engaging in activities
at higher risk of injury [11].
There is strong evidence that elderly trauma patients

are at an increased risk of morbidity and mortality com-
pared to younger patients [12-14]. In addition, elderly
patients sustain distinct patterns of injuries from causes
. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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that differ from those of non-elderly adults because of
their unique anatomical, physiologic, and behavioral
characteristics. The effect of trauma would decrease
both the ability to live an active lifestyle and the physio-
logic capacity in elderly patients [15]. Geographic vari-
ation in trauma patterns may occur, but there is limited
information available about falls among the geriatric
population in Taiwan. The purpose of this epidemiologic
study was to assess the clinical characteristics and out-
comes of elderly patients admitted for treatment for
fall-related injuries in a Level I trauma center over a
five-year period using data from a population-based
trauma registry.

Methods
Study design
The study was conducted at Kaohsiung Chang Gung
Memorial Hospital, a 2,400-bed facility and a Level I
regional trauma center that provides care to trauma
patients primarily from South Taiwan. Approval for this
study was obtained from the hospital’s institutional review
board (approval number 103-3035B) before its initiation.
This retrospective study was designed to review all the
data added to the Trauma Registry System from January 1,
2009 to December 31, 2013 for cases that visited our emer-
gency room with any trauma mechanism and met the in-
clusion criteria of (1) age ≥65 years and (2) hospitalization
for treatment of trauma sustained in a fall. For comparison,
data regarding adults aged 20 to 64 years old were also
collected.
Among the 16,548 hospitalized registered patients en-

tered in the database, 4,011 (24.2%) were ≥65 years of
age (hereafter referred to as the elderly) and 10,234
(61.8%) were 20 to 64 years of age (hereafter referred to
as adults). Cut-off age of 20 was arbitrarily selected to be
an adult because there is a legal requirement of super-
visor to proceed health care such as admission, invasive
procedure, and operation in Taiwan until the patient
turns 20 years old. Among these patients, 2,403 (59.9%)
elderly and 1,909 (18.7%) adults had been admitted due to
a fall accident. Detailed patient information was retrieved
from the Trauma Registry System of our institution and
included data regarding age, sex, height of fall, and vital
signs on arrival, as well as the first Glasgow Coma Scale
(GCS) score in the emergency department, Abbreviated
Injury Scale (AIS) scores for each body region, Injury
Severity Score (ISS), New Injury Severity Score (NISS),
Trauma and Injury Severity Score (TRISS), length of
hospital stay (LOS), length of intensive care unit stay
(LICUS), in-hospital mortality, and associated complica-
tions. AIS scores every injury and classified each according
to six severity as (1) minor, (2) mild, (3) serious, (4) severe,
(5) critical, and (6) mortal [16]. The ISS is the sum of
the square of the three most severe injuries, but it only
considers one injury per body region [17]. The NISS, a
modification of the ISS in 1997, is defined as the sum of
a patient’s three most severe injuries, regardless of body
region [18]. The TRISS utilizes the patient’s age, type of
injury, Revised Trauma Score (RTS), and the ISS to esti-
mate the probability of survival [19]. Among the TRISS,
the RTS is calculated using the GCS score, the systolic
blood pressure (SBP), and respiratory rate (RR) [20]. In
brief, AIS, ISS, and NISS are anatomical, GCS and RTS
are physiological scoring systems and TRISS is a com-
bined scoring system for survival prediction. In this study,
the primary outcome is the injury severity by different
scoring system (GCS, AIS, ISS, NISS, TRISS) and the
secondary outcome is LOS, LICUS, and in-hospital
mortality. In addition, the pre-existed comorbidities
and chronic diesases including diabetes mellitus (DM),
hypertension (HTN), coronary artery diseases (CAD),
congestive heart failure (CHF), cerebrovascular accident
(CVA), and end-stage renal disease (ESRD) were identi-
fied. Adjusted odd ratios (AOR) of the mortality according
to these pre-existed comorbidities, chronic diesases and
ISS with 95% confidence intervals (CI) of this AOR cal-
culated. The data collected regarding the populations
of elderly and adults were compared using SPSS v.20
statistical software (IBM Corporation, Armonk, NY,
USA) for performance of Pearson’s chi-squared test,
Fisher’s exact test, or the independent Student’s t test, as
applicable. All results are presented as the mean ± standard
error. A p-value less than 0.05 was considered statistically
significant.

Results
Patient characteristics
As shown in Figure 1, fall presented the major mechanism
for admission (59.9%) in the elderly patients, followed by
motorcycle accident (24.8%). In contrast, motorcycle
accident presented the major mechanism for admission
(49.6%) in the adult patients, followed by unspecific
mechanisms, which included fight, suicide, and unknown
and unclassified injuries. Fall presented the mechanism
for admission in 18.7% of the injured adult patients.
Of the 2,403 elderly and 1,909 adult patients injured in

a fall, the mean ages were 78.0 ± 7.3 and 49.8 ± 11.1 years,
respectively (Table 1). A statistically significant difference
regarding sex was found between the elderly. In the group
of elderly patients, more than two times as many women
as men were injured in a fall; however, among the adult
patients, more men were injured in a fall. There were
significant higher incidence rates of the pre-existed comor-
bidities and chronic diesases including DM, HTN, CAD,
CHF, CVA, and ESRD in the elderly patients. Analysis of
the data regarding height of fall (<1 m, 1–6 m, >6 m) re-
vealed that the majority of both the elderly and adult pa-
tients fell from a height <1 m, but more adult than elderly



Figure 1 Etiology of trauma among elderly and adult patients admitted for treatment of trauma injuries.
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patients fell from a height between 1–6 m and >6 m,
implying that the majority of the elderly patients sus-
tained a ground-level fall occurring upon walking or with
movement and that more adult than elderly patients
sustained a non-ground-level fall occurring with more
rigorous activity. No significant difference was found
between the elderly and adult patients regarding GCS
score or distribution of patients at different levels of
consciousness (GCS ≤8, 9–12, or ≥13). Analysis of AIS
scores revealed that the elderly patients sustained sig-
nificantly higher rates of extremity injury than the adult
patients, while the adult patients sustained significantly
higher rates of injuries to face, thorax, and abdomen.
On the other hand, no significant differences regarding
injury to the head/neck region were found between the
elderly and adult patients.
Comparison of trauma injury scores for the elderly

and adult patients indicated significant differences regard-
ing ISS (9.3 ± 4.4 vs. 8.3 ± 6.1, respectively, p <0.001). The
ISS was higher in the elderly than that in the adult pa-
tients; however, when stratified into different groups of
injury severity (<16, 16–24, ≥25), the ISS of the elderly
was higher than that of the adult patients only in the
group of ISS <16. In the groups of ISS between 16-24
and ≥25, the ISS of the adult patients was significantly
higher than that of the elderly. Likewise, there were also
significant differences regarding NISS and in-hospital
mortality, but not TRISS between these two groups of
patients. The mortality rate was higher among men than
women in both the elderly and the adult patients. How-
ever, there was no significant different AOR of the mor-
tality for the elderly after the adjustment according to
the pre-existing comorbidities, chronic diseases, and ISS
(AOR =0.40, 95% CI: 0.13-1.20), indicating the pre-existing
comorbidities and chronic disease may be responsible
for the higher incidence rates of mortality in the elderly.
No significant differences were found between the elderly
and adult patients regarding hospital LOS. However, a
significantly larger proportion of the elderly patients were
admitted to the ICU, with longer LICUS. Among patients
with ISS <16, 8.3% of the elderly and 5.2% of the adult
patients were admitted to the ICU (p <0.001), with lon-
ger LICUS. In addition, 66.8% of the elderly and 59.0%
of the adult patients with ISS 16–24, and 91.2% of the
elderly and 80.9% of the adult patients with ISS ≥25
were admitted to the ICU. No significant differences re-
garding the proportion of patients admitted to the ICU
and LICUS were found between the elderly and adult
patients with ISS 16–24 and ISS ≥25. However, among
patients admitted to ICU and with ISS ≥25, the elderly ex-
perienced longer stays in the ICU than the adult patients.
Table 2 shows the findings regarding injury associated

with the fall accidents. As observed, a significantly higher
percentage of elderly than adult patients sustained sub-
dural hematoma and femoral fracture, but the elderly
experienced a significantly lower percentage of other
injuries. Furthermore, subsequent analysis focused on sub-
dural hematoma (Table 3) and femoral fracture (Table 4),
the associated injuries, which were significantly higher
among the elderly with fall accidents. In the patients with
subdural hematoma following a fall (elderly n =242, adults
n =156), the analysis revealed significant differences in sex
between the elderly. No significant difference was found
between the elderly and adult patients with subdural
hematoma regarding GCS score. The ISS was higher in
the adult patients than that in the elderly (18.8 ± 7.8 vs.
17.1 ± 5.7, respectively, p <0.001). In addition, there were
significant differences between the elderly and the adult
patients with subdural hematoma regarding in-hospital
mortality and length of stay in the hospital. Even after the
adjustment according to the pre-existing comorbidities,
chronic diseases, and ISS, there was still a greater odds of
mortatlity for the elderly (AOR =1.9, 95% CI: 1.06-3.59).
However, the mortality rate among men and women with
subdural hematoma was not significantly different in ei-
ther the elderly or the adult patients. No significant differ-
ences were found between the elderly and adult patients
with subdural hematoma regarding NISS, TRISS, propor-
tion of patients admitted to the ICU and receiving opera-
tions, and the number of operations. However, among the



Table 1 Demographics of hospitalized elderly and adult
trauma patients in fall accidents

Variable Elderly Adult p

N = 2403 N = 1909

Age 78.0 ±7.3 49.8 ±11.1

Gender, n (%) <0.001

Male 788 (32.8) 1171 (61.3)

Female 161 (67.2) 73 (38.7)

Co-morbidity

DM 740 (30.8) 295 (15.5) <0.001

HTN 1493 (62.1) 451 (23.6) <0.001

CAD 221 (9.2) 48 (2.5) <0.001

CHF 71 (3.0) 16 (0.8) <0.001

CVA 335 (13.9) 168 (3.6) <0.001

ESRD 123 (5.1) 64 (3.4) 0.005

Fall height, n (%)

<1 m 2209 (91.9) 1194 (62.5) <0.001

1-6 m 191 (7.9) 672 (35.2) <0.001

>6 m 3 (0.1) 43 (2.3) <0.001

GCS 14.5 ±1.9 14.4 ±2.0 0.283

≤8 69 (2.9) 74 (3.9) 0.067

9-12 92 (3.8) 57 (3.0) 0.132

≥13 2242 (93.3) 1778 (93.1) 0.833

AIS, n (%)

Head/Neck 510 (21.2) 451 (23.6) 0.060

Face 99 (4.1) 161 (8.4) <0.001

Thorax 129 (5.4) 209 (10.9) <0.001

Abdomen 102 (4.2) 149 (7.8) <0.001

Extremity 1857 (77.3) 1408 (73.8) 0.007

ISS, n (%)

<16 2106 (87.6) 1646 (86.2) 0.169

16-24 229 (9.5) 195 (10.2) 0.453

≥25 68 (2.8) 68 (3.6) 0.172

ISS 9.3 ±4.4 8.3 ±6.1 <0.001

<16 8.0 ±2.4 6.4 ±2.9 <0.001

16-24 16.7 ±1.4 17.3 ±2.1 <0.001

≥25 25.8 ±2.2 29.4 ±8.0 <0.001

NISS 10.3 ±6.8 9.5 ±8.2 <0.001

TRISS 0.99 ±0.12 0.99 ±0.12 0.768

Mortality, n (%) 78 (3.2) 25 (1.3) <0.001

Men 46 (5.8) 22 (1.9)

Female 32 (2.0) 3 (0.4)

AOR (95%CI) 0.40 (0.13-1.20) 0.103

LOS (days) 9.6 ±8.7 8.5 ±9.4 0.183

ICU

Table 1 Demographics of hospitalized elderly and adult
trauma patients in fall accidents (Continued)

Patients, n (%) 390 (16.2) 225 (13.4) 0.009

<16 175 (8.3) 85 (5.2) <0.001

16-24 153 (66.8) 115 (59.0) 0.095

≥25 62 (91.2) 55 (80.9) 0.083

LICUS (days) 8.6 ±11.4 7.6 ±9.1 0.034

<16 6.8 ±8.3 5.1 ±5.8 0.032

16-24 8.8 ±12.3 7.4 ±10.0 0.092

≥25 13.3 ±14.7 12.0 ±9.6 0.018
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patients with ISS <16, the elderly had a significantly longer
length of stay in the hospital than the adult patients.
In the patients with femoral fracture following a fall

(elderly n =1,215, adults n =270), significant differences
regarding sex were found between the elderly. The adult
patients had significantly higher ISS (9.7 ± 3.2 vs. 9.2 ± 1.5,
respectively, p <0.001), NISS, and TRISS than the elderly.
However, there were no significant differences between
the elderly and the adult patients with femoral fracture re-
garding in-hospital mortality, adjusted odds of mortality
(AOR =3.1, 95% CI: 0.41-23.95) and length of stay in the
hospital. The mortality rate among men and women with
femoral fracture was also not significantly different in
either the elderly or the adult patients. There was a sig-
nificantly higher proportion of patients admitted to the
ICU among the group of elderly patients with ISS <16
when compared to the adult patients in the same group
of injury severity; however, the length of stay in the
ICU did not differ between these two groups of patients
with femoral fracture. In contrast, elderly patients with
ISS ≥25 experienced longer stays in the ICU than adult
patients with ISS ≥25. The proportion of adult patients re-
ceiving operations was significantly higher than that of the
elderly, but the number of operations performed did not
differ. Regarding the location of the femur fracture, the
elderly sustained more intertrochanteric fracture but less
femoral shaft fracture and femoral head fracture than the
adult patients.

Discussion
This study analyzed the demographics and characteristics
of injuries observed in a geriatric population presenting at
a Level I trauma center following fall accidents. Analysis
of the data indicates that elderly patients present with a
bodily injury pattern that differs from that of adult pa-
tients, and have a higher injury severity, worse outcome,
and higher mortality than those of adult patients.
Notably, in this study, the elderly patients had a mean

age of close to 80, much higher than the cutoff of 65
used in the general part of this study, and represent a
even higher risk group. As shown, more than two times



Table 2 Associated injuries of hospitalized elderly and
adult patients in fall accidents

Fall accident

Variable Elderly Adult p

N = 2403 N = 1909

Head trauma, n (%)

Neurologic deficit+ 1 (0.04) 10 (0.5) 0.002

Cranial fracture+ 51 (2.1) 81 (4.2) <0.001

Epidural hematoma (EDH)+ 36 (1.5) 60 (3.1) <0.001

Subdural hematoma (SDH)* 242 (10.1) 156 (8.2) 0.032

Subarachnoid hemorrhage (SAH) 134 (5.6) 128 (6.7) 0.123

Intracerebral hematoma (ICH) 49 (2.0) 28 (1.5) 0.159

Cerebral contusion 104 (4.3) 95 (5.0) 0.313

Cervical vertebral fracture+ 16 (0.7) 29 (1.5) 0.006

Maxillofacial trauma, n (%)

Maxillary fracture+ 20 (0.8) 47 (2.5) <0.001

Mandibular fracture+ 2 (0.1) 20 (1.0) <0.001

Orbital fracture+ 5 (0.2) 12 (0.6) 0.029

Nasal fracture 6 (0.2) 10 (0.5) 0.141

Thoracic trauma, n (%)

Rib fracture+ 77 (3.2) 142 (7.4) <0.001

Sternal fracture+ 0 (0.0) 5 (0.3) 0.012

Hemothorax+ 14 (0.6) 25 (1.3) 0.012

Pneumothorax+ 5 (0.2) 31 (1.6) <0.001

Lung contusion+ 2 (0.1) 12 (0.6) 0.002

Hemopneumothorax+ 5 (0.2) 31 (1.6) <0.001

Thoracic vertebral fracture+ 37 (1.5) 57 (3.0) 0.001

Abdominal trauma, n (%)

Intra-abdominal injury+ 3 (0.1) 20 (1.0) <0.001

Hepatic injury+ 3 (0.1) 18 (0.9) <0.001

Splenic injury 1 (0.04) 5 (0.3) 0.054

Retroperitoneal injury 2 (0.1) 4 (0.2) 0.269

Renal injury 3 (0.1) 7 (0.4) 0.101

Urinary bladder injury 1 (0.04) 4 (0.2) 0.108

Lumbar vertebral fracture+ 64 (2.7) 112 (5.9) <0.001

Sacral vertebral fracture+ 4 (0.2) 22 (1.2) <0.001

Extremity trauma, n (%)

Scapular fracture 6 (0.2) 10 (0.5) 0.141

Clavicle fracture+ 25 (1.0) 43 (2.3) 0.002

Humeral fracture 118 (4.9) 101 (5.3) 0.572

Radial fracture+ 224 (9.3) 363 (19.0) <0.001

Ulnar fracture+ 100 (4.2) 119 (6.2) 0.002

Femoral fracture* 1215 (50.6) 270 (14.1) <0.001

Patella fracture+ 55 (2.3) 100 (5.2) <0.001

Tibia fracture+ 44 (1.8) 111 (5.8) <0.001

Fibular fracture+ 26 (1.1) 67 (3.5) <0.001

Table 2 Associated injuries of hospitalized elderly and
adult patients in fall accidents (Continued)

Metacarpal fracture+ 7 (0.3) 35 (1.8) <0.001

Metatarsal fracture+ 12 (0.5) 135 (7.1) <0.001

Calcaneal fracture+ 57 (2.4) 135 (7.1) <0.001

Pelvic fracture+ 25 (1.0) 58 (3.0) <0.001

+ and * indicated significant lower and higher incidences of the associated
injury, respectively, in the elderly than those adult patients ( p<0.05). DM:
diabetes mellitus; HTN: hypertension; CAD: coronary artery diseases; CHF:
congestive heart failure; CVA: cerebrovascular accident; ESRD: end-stage
renal disease.
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as many elderly women as men were injured in a fall;
however, greater mortality was noted among the elderly
men than among the elderly women. In contrast, among
the adult patients, more men were injured, and the men
sustained a higher fatality rate in the fall accidents than
Table 3 Injury characteristics of hospitalized elderly and
adult patients with subdural hematoma in fall accidents

Subdural hematoma

Variables Elderly Adult p

N = 242 N = 156

Age 77.7 ±7.6 49.4 ±11.0

Gender, n (%) <0.001

Male 130 (53.7) 125 (80.1)

Female 112 (46.3) 31 (19.9)

GCS 12.3 ±3.9 11.9 ±4.3 0.341

ISS 17.1 ±5.7 18.8 ±7.8 <0.001

NISS 21.6 ±12.4 24.0 ±14.6 0.274

TRISS 0.849 ±0.192 0.885 ±0.181 0.261

Mortality, n (%) 44 (18.2) 16 (10.3) 0.031

Male 27 (20.8) 13 (10.4)

Female 17 (15.2) 3 (9.7)

AOR (95% CI) 1.9 (1.06-3.59) 0.033

LOS (days) 11.6 ±11.6 14.9 ±14.0 0.037

ICU

Patients, n (%) 173 (71.5) 106 (67.9) 0.452

<16 20 (48.8) 13 (54.2) 0.675

16-24 107 (71.3) 59 (65.6) 0.348

≥25 46 (90.2) 34 (81.0) 0.201

LICUS (days) 8.5 ±10.7 7.8 ±8.5 0.158

<16 5.6 ±6.1 3.0 ±0.8 0.014

16-24 7.9 ±10. 6.6 ±8.2 0.130

≥25 11.1 ±13.1 11.7 ±9.2 0.119

Operation, n (%) 0.102

Yes 58 (24.0) 49 (31.4)

No 184 (76.0) 107 (68.6)

Operation 1.4 ±0.7 1.6 ±1.0 0.063



Table 4 Injury characteristics of hospitalized elderly and
adult patients with femoral fracture in fall accidents

Femoral fracture

Variables Elderly Adult p

N = 1215 N = 270

Age 79.5 ±7.0 53.8 ±9.5

Gender, n (%) <0.001

Male 336 (27.7) 147 (54.4)

Female 879 (72.3) 123 (45.6)

ISS 9.2 ±1.5 9.7 ±3.2 <0.001

NISS 9.6 ±2.1 10.1 ±3.7 <0.001

TRISS 0.965 ±0.013 0.975 ±0.019 <0.001

Mortality, n (%) 14 (1.2) 1 (0.4) 0.245

Male 5 (1.5) 1 (0.7)

Female 9 (1.0) 0 (0.0)

AOR (95%CI) 3.1 (0.41-23.95) 0.271

LOS (days) 9.8 ±7.1 8.5 ±7.3 0.846

ICU

Patients, n (%) 84 (6.9) 12 (4.4) 0.136

<16 78 (6.5) 7 (2.7) 0.017

16-24 4 (44.4) 1 (20.0) 0.360

≥25 2 (40.0) 4 (100.0) 0.058

LICUS (days)

<16 6.2 ±9.2 7.9 ±4.3 0.733

16-24 12.5 ±12.8 4 -

≥25 16.5 ±13.4 6.5 ±3.7 0.003

Operation, n (%) <0.001

Yes 438 (36.0) 142 (52.6)

No 777 (64.0) 128 (47.4)

Operation 1.0 ±0.8 1.0 ±0.8 0.962

Diagnosis

Femoral head 43 (3.5) 24 (8.9) <0.001

Femoral neck 533 (43.9) 112 (41.5) 0.474

Intertrochanteric 586 (48.2) 89 (33.0) <0.001

Femoral shaft 70 (5.8) 53 (19.6) <0.001
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that of the women. These results are in agreement with
those of studies showing that falls are more common in
older women than men, that elderly women account for
the majority of fall-related emergency department visits
[2,21,22], and that the death rate associated with falls is
46% higher for men than for women [23]. Although
some studies have found that men comprised a signifi-
cantly greater proportion of fall victims [24,25], and the
exact reasons for the disparity between men and women
in fall-induced deaths are still largely unknown [26],
elderly men might engage in riskier behavior and then
perhaps sustain more severe injuries that required an
emergency department visit and subsequent hospita-
lization [24]. In the present study, high-energy falls were
less common among the elderly than in the adult popula-
tion. The majority of the elderly sustained a ground-level
fall was supposed to occur upon walking or with
movement, and more adult patients sustained a non-
ground-level fall occurring with more rigorous activity.
This observation may contribute to the discrepancy in the
proportion of patients and fatality rates according to
gender among elderly and adult patients in fall accidents.
Variations in lifestyle habits between people in different
regions may also affect the different patterns of trauma in
a fall [25]. However, our registered data were unable to
provide more detailed information regarding the activity
that induced the fall in the current study.
The factors affecting mortality in falls are very com-

plex [27]. The mortality rates associated with falls from
3–6 m, 6–10 m, and >10 m were found to be increased
5, 6.5, and 13 times, respectively, in comparison with the
mortality rates of falls from 3 m or less [27]. In the
present study, although more adult than elderly patients
fell from a height between 1–6 m and >6 m, the mortal-
ity rates associated with falls were higher in the elderly
than the younger population. (3.2% vs. 1.3%, respectively,
p <0.001). Beside the age of the patient and the height of
the fall, suicide attempt, type of ground on which the pa-
tient fell, place of fall, and head, thoracic, and abdominal
trauma are the primary factors affecting mortality [27].
In addition, associated predisposing comorbidity is another
factor that may influence the outcome in fall accidents.
This current study revealed that these patients don’t do
worse because they are older, they do worse because they
are chronically sicker. Brain injuries and injuries to the
lower extremity are the most fatal of fall injuries in the
elderly, accounting for 78% of fatalities and 79% of fall-
related costs [28]. Deaths due to falls result from multiple
blunt traumas, especially head trauma [29]. In a postmor-
tem study of 484 patients who had fallen or jumped from
a height, the most frequently affected body part was the
head (91%) [30], followed by the thorax (54%), abdomen
(37%), extremities (36%), and neck (17%). Falls are the
most common cause of traumatic brain injury in the eld-
erly and account for 46% of all fall-related deaths [1,31].
Among the pathologies related to head trauma, subdural
hematoma was found to account for half of the mortality
cases [32]. In the present study, the mortality of the
elderly with subdural hematoma was found to be 18.2%
(44/242), and, of the 78 fatal cases among the elderly
patients, there were 44 (56%) fatal cases of subdural
hematoma. Notably, this study revealed that TRISS, a
combination index developed by the Major Trauma
Outcome Study (MTOS) performed in 1982 [33] based
on revised trauma score (RTS), ISS, and patient’s age
to predict the mortality of injured patients, was not
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adequate to estimate the fatality rate among the elderly
in fall accidents. TRISS appears to be valid for both
adult and pediatric trauma cases [34]; however, because
TRISS does not take into account pre-existing medical
conditions [34], its application to elderly patients in fall
accidents should be validated and a modified version of
TRISS may need to be developed for better prediction of
survival in elderly patients sustaining fall accidents.
As shown in this study, falls are the leading cause of

nonfatal injury in the elderly population [35,36]. It had
been reported that fractures occur in 3–12% of falls in
the elderly and that hip fractures occur in less than 1%
of all falls [37,38]; however, 90% of all hip fractures in
the elderly are caused by a fall [39]. Occurring in 33% of
nonfatal falls, fractures are the most common and costly
fall injuries, and account for 61% of nonfatal fall-related
costs [28]. In the first year following a femur fracture,
25% of elderly patients will die [40], 50% will experience
a decline in performance of activities of daily living
(ADLs) [40], and 76% will experience a decline in their
motility [1]. In the present study, a remarkably higher
percentage of elderly patients suffered femoral fracture
compared to the adult patients (50.6% vs. 14.1%, respect-
ively, p <0.001), and hip fracture, a femoral fracture that
occurs in the proximal end of the femur, comprised
96.5% of femoral fracture in the elderly patients in fall
accidents. In addition, the majority of elderly patients
with a femoral fracture did not undergo surgery. The
reasons, yet unidentified, may be attributed to a different
injury pattern or conservative altitude of surgeons to
perform operation in the elderly. In Taiwan, hip fracture
rates are among the highest in the world, and the age-
specific incidence rates of hip fractures have been found
to increase with increasing age in both genders, in an
exponential manner after 65 years of age [41]. The over-
all incidence of hip fractures showed a significant 30%
increase (p <0.0001) from 1996 to 2002, from 49.56 to
64.37 per 10,000 per year [42]. Notably, however, from
1999 to 2010, there was a decline in hip fracture rates
among elderly Taiwanese adults with a concomitant
increase in anti-osteoporosis medication expenditure [43].
Therefore, development and implementation of public
health strategies for fall prevention should focus more on
this geriatric group in Taiwan’s rapidly aging society.
Our findings must be considered with some cautions.

The limitations of this study include the use of a retro-
spective design and the lack of availability of data regard-
ing the reasons, the risk factors, and circumstances of the
mechanism of injury. Additionally, our single center study
may not be representative of the entire population of
Taiwan and our results may therefore not be generalizable.
It is also possible that some of our patients suffered during
the study period from recurrent falls that did not require
emergency department visits and subsequent admissions,
or following which these patients were treated elsewhere.
In addition, the impact of pre-existing comorbidities in
the elderly on the hospitalization course and on the mor-
tality remains unclarified.

Conclusion
Elderly patients in fall accidents tend to experience a
higher injury severity, a worse outcome, and a higher
mortality rate compared to adult patients, as well as a
bodily injury pattern differing from that of adults, indicat-
ing the need to emphasize fall prevention to reduce both
the rate of falls and the associated injuries.
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Non-operative management attempted for
selective high grade blunt hepatosplenic trauma
is a feasible strategy
Ting-Min Hsieh1, Tsung Cheng Tsai2, Jiun-Lung Liang3 and Chih Che Lin4*
Abstract

Background: There is growing evidence of clinical data recently for successful outcomes of non-operative
management (NOM) for blunt hepatic and spleen injuries (BHSI). However, the effectiveness of NOM for high-grade
BHSI remains undefined. The aim of the present study was to review our experience with NOM in high-grade BHSI
and compare results with the existing related data worldwide.

Methods: In this retrospectively protocol-driven study, 150 patients with grade 3–5 BHSI were enrolled during a
3-year period. Patients were divided into immediate laparotomy (immediate OP) and initial non-operative
(initial NOM) groups according to hemodynamic status judged by duty trauma surgeon. Patients who received
initial NOM were divided into successful NOM (s-NOM) and failed NOM (f-NOM) subgroups according to
conservative treatment failure. We analyzed the clinical characteristics and the outcomes of patients.

Results: Twenty-eight (18.7%) patients underwent immediate operations, and the remaining 122 (81.3%) were
initially treated with NOM. Compared with the initial NOM group, the immediate OP group had significantly lower
hemoglobin levels, a higher incidence of tube thoracostomy, contrast extravasation and large hemoperitoneum on
computed tomography, a higher injury severity score, increased need for transfusions, and longer length of stay
(LOS) in the intensive care unit (ICU) and hospitalization. Further analysis of the initial NOM group indicated that
NOM had failed in 6 (4.9%) cases. Compared with the s-NOM subgroup, f-NOM patients had significantly lower
hemoglobin levels, more hospitalized transfusions, and longer ICU LOS.

Conclusions: NOM of high-grade BHSI in selected patients is a feasible strategy. Notwithstanding, patients with
initial low hemoglobin level and a high number of blood transfusions in the ICU are associated with a high risk for
NOM failure.

Keywords: Non-operative management, Blunt hepatic injury, Blunt splenic injury, Blunt hepatic and splenic injuries
Introduction
Blunt abdominal trauma (BAT) resulting from a traffic
accident, fall, assault, or occupational accident is not un-
usual in the emergency room. The prevalence of intra-
abdominal injury after BAT has been reported to be high
at 12-15% [1]. The liver and spleen are the most com-
monly injured organs in BAT, accounting for up to 70%
of all visceral injuries [2,3]. Since the 1980s, there had
been a paradigm shift from surgical to nonsurgical
* Correspondence: immunologylin@gmail.com
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Chang Gung University College of Medicine, 123 Ta Pei Road, Niao-Sung
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treatment for blunt hepatic and/or splenic injuries (BHSI).
Many authors published their experiences showing satis-
factory results [4,5]. Computed tomography (CT), which
can accurately assess the severity of organ injury, he-
moperitoneum, presence of contrast extravasation, viscus
injury, and can predict the necessity for prompt inter-
vention, is the diagnostic modality of choice for hemo-
dynamically stable patients. Routine follow-up CT is no
longer suggested for NOM of patient with solid organ
injury because it has poor ability to detect unidentified in-
juries [4-6]. Contrast-enhanced ultrasound (CEUS), which
can provide a safe and accurate alternative to CT [7], and
td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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can guide a percutaneous treatment, is a save adjunct to
observation in NOM [8]. An increasing body of literature
emphasizing promising results, the wide use of CT, and
the emergence of CEUS promoted the acceptance of non-
operative management (NOM) as the standard thera-
peutic strategy. In fact, with numerous recent studies have
shown success rates > 90% and failure rates < 11% [9-11].
Moreover, high success rates with NOM have been in
pediatric patients [3]. Additionally, some studies [12,13]
have documented the feasibility and safety of NOM in pa-
tients with advanced age, or neurologic impairment,
which were not recommended for NOM before. As the
concept of NOM is now established, there is a growing
concern regarding its morbidity and drawbacks of angio-
embolization, which are especially prevalent in high-grade
injuries [14-18]. Moreover, the effectiveness of NOM in
high-grade injuries is still under scrutiny. On the other
hand, some authors suggested that surgeons should tem-
per enthusiasm for NOM despite advances in the quality
of critical care and radiological intervention [8,19,20]. Be-
cause few studies have focused exclusively on high-grade
BHSI, the present study aimed to investigate the efficacy
of NOM for complex BHSI in the setting of a tertiary care
center.

Methods
Setting, study protocol
Patients admitted to Kaohsiung Chang Gung Memorial
Hospital with BHSI between January 2010 to December
2012 were retrospectively reviewed. All patients were ini-
tially assessed and resuscitated at the emergency room
(ER) according to the advanced trauma life support (ATLS)
guidelines. The selection of patients for a nonsurgical man-
agement protocol [21] was based on the following criteria:
hemodynamic stability on admission or shortly after initial
resuscitation, maintenance of hemodynamic stability [sys-
tolic blood pressure (SBP) > 90 mmHg] without the need
for excessive blood transfusion, no obvious peritonitis, and
no associated multiple traumas requiring immediate oper-
ation. Indication signs for angiography were: significant
hemoperitoneum (>1000 mL) with episode of hypotension
(SBP < 90 mmHg) or contrast extravasation on CT scan,
recurrent hypotension despite fluid resuscitation, grade 4–
6 hepatic or grade 4–5 splenic injuries, and falling he-
moglobin level (<8 g/dL) with progressive need for blood
transfusions. We determined that angiography should be
performed early after initial stabilization if the criteria were
met. In the case of rapid clinical deterioration, the proced-
ure was abandoned, and the patient underwent immediate
emergency surgery.

Data collection, definitions and exclusion criteria
Although this was a retrospective study, data on age,
gender, mechanism of blunt trauma, initial vital signs
[i.e. SBP, heart rate (HR), respiratory rate (RR)], he-
moglobin level, Glasgow coma scale (GCS), alcohol in-
toxication, incidences of endotracheal intubation and
tube thoracostomy, CT findings, Injury Severity Score
(ISS), blood transfusion at ER and during admission,
length of stay (LOS) at intensive care unit (ICU), du-
ration of hospitalization, and outcomes, including mor-
bidities and mortalities, were prospectively collected. ER
transfusions included units of blood transfused during
resuscitation at ER or before transfer from a local clinic,
whereas admission transfusions referred to all units ad-
ministered during hospitalization, except resuscitation at
ER. The severity of BHSI was graded according to
the classification of the American Association for the
Surgery of Trauma (1994 revision). Patients with con-
comitant liver and spleen injuries were assigned to
either liver or splenic injury group according to the
organ with higher injury grading. The presence of intra-
abdomen fluid was determined using CT. The amount
of hemoperitoneum was quantified as follows: minimal,
perihepatic blood in subphrenic or subhepatic space or
perisplenic fossae (<500 mL); moderate, minimal plus
blood along paracolic gutter (500-1000 mL); and large,
moderate plus blood accumulating in pelvic cavity
(>1000 mL). Patients who died at ER, those without
available abdominal CT, and those with CT findings
consistent with grade I or II injuries were excluded from
the present study. High-grade injury referred grade III-
VI in blunt hepatic injurIES (BHI) and grade III-V in
blunt spleinc injuries (BSI).
Study population and grouping
The patients were initially categorized into two groups:
those initially treated non-operatively were included in
the initial NOM group and those receiving early lapa-
rotomy at ER because of hemodynamic instability or
suspected peritonitis were included in the immediate OP
group. Patients in the initial NOM group were admitted
to ICU for close monitoring and were further divided
into two subgroups, the s-NOM included patients that
treated successfully with conservative methods and the
f-NOM included those who eventually required lapa-
rotomy according to the judgment of trauma surgeons
after observation in ICU.
Statistical analysis
Data are presented as percentages for categorical data,
and means ± SE for ordinal and continuous data. Sta-
tistical analyses were performed using the chi-square test
or Fisher’s exact test for discrete variables and the Mann
Whitney U test for continuous variables. All diffe-
rences at the p < 0.05 level were considered statistically
significant.



Table 1 Correlations between severity of hemoperitoneum
and grading of liver/spleen injuries on computed
tomography

Severity of
hemoperitoneum

Grade of liver/spleen laceration Total no.
of patientsI II III IV V

Nil to minimal 2/3 49(3)/14 52(2)/17 12/0 4/1 119/35

Moderate 0/0 1/0 2/7(1) 4/1 1/2 8/10

Large 0/0 0/4 4(1)/11 7/10 5*/10(2) 16/35

Total 2/3 50/18 58/35 23/11 10/13 143/80

*Including a grade VI liver laceration with large hemoperitoneum, parentheses:
means including patient number of concomitant liver and spleen injuries.
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Results
Patient characteristic, trauma mechanisms
During the 3-year study period, 150 patients presented
with high-grade BHSI, of whom 91 and 59 had BHI and
BSI, respectively. The relationship between the severity
of hemoperitoneum and CT grading is shown in Table 1.
Table 2 Comparisons between initial NOM group and immed

Initial NOM

Number of patients (n) 122

Gender (male) 73 (59.8%)

Age (years) 32.52 ± 16.73

SBP (mmHg) 118.68 ± 29.32

HR (beats/min) 98.13 ± 20.31

RR (breaths/min) 20.06 ± 3.65

Hemoglobin (g/dL) 11.94 ± 2.34

Endotracheal intubation (%) 13 (10.7%)

Tube thoracostomy (%) 18 (14.8%)

CT extravasation (%) 30 (24.6%)

Large hemoperiotneum (%) 28 (23.0%)

Alcohol intoxication (%) 85 (69.7%)

GCS 13.78 ± 2.73

ISS 19.78 ± 10.35

Mechanism:

Motorcycle 84 (69%)

Motor vehicle 15 (12%)

others 21 (19%)

Emergency room BT (U) 1.48 ± 2.05

Hospitalization BT(U) 2.41 ± 4.98

BT requirement (%) 73 (59.8%)

Hospitalization LOS(day) 13.66 ± 10.20

ICU LOS(day) 4.57 ± 4.45

Patients with associated injury (%) 96 (78.7%)

Patients with complication(s) (%) 14 (11.4%)

Mortality (%) 6 (4.9%)

NOM: Non-operative management; OP: Operation; SBP: Systolic blood pressure; CT:
BT: Blood transfusion; ICU: Intensive care unit; LOS: Length of stay.
The majority of the study subjects were men (62%), with
a mean age of 31.9 ± 16.3 years (range, 3–77).
The most common causes of high-grade BHI were

motorcycle collision (n = 55, 60.4%), motor vehicle col-
lision (n = 18, 19.8%), falls from greater height (n = 7,
7.7%) or from own height (n = 4, 4.4%), pedestrian struck
(n = 3, 3.3%), assaults (n = 2, 2.2%), and bicycle collision
(n = 2, 2.2%). In high-grade BSI, motorcycle collisions
were responsible for most injuries (n = 46, 78%), while
other causes included motor vehicle collision (n = 4,
6.8%), assaults (n = 3, 5.1%), falls from own height (n = 2,
3.4%) and from greater height (n = 1, 1.7%), bicycle col-
lision (n = 2, 3.4%), and pedestrian struck (n = 1, 1.7%)
(Tables 2, 3 and 4).

Patient management algorithm, final outcomes
The patient population, morbidity, mortality, and manage-
ment algorithm are described in Figure 1. The causes of
iate OP group

Immediate OP p

28 -

20 (71.4%) 0.25

29.64 ± 14.47 0.40

107.36 ± 28.85 0.06

105.11 ± 25.94 0.12

21.82 ± 6.36 0.16

10.46 ± 3.09 0.005

5 (17.9%) 0.33

10 (35.7%) 0.01

16 (57.1%) 0.001

19 (67.9%) <0.001

24 (85.7%) 0.08

13.11 ± 3.42 0.26

26.30 ± 11.55 0.004

0.45

17 (61%)

6 (21%)

5 (18%)

5.14 ± 5.26 0.001

10.86 ± 11.95 0.001

26 (92.9%) 0.001

21.64 ± 14.75 0.01

8.68 ± 9.17 0.02

23 (82.1%) 0.684

6 (21.4%) 0.12

4 (14.3%) 0.09

Computed tomography; GCS: Gasglow coma scale; ISS: Injury severity score;



Table 3 Comparisons between patients with s-NOM and f-NOM

Non-operative (s-NOM) f-NOM P

Number of patients (n) 116 6 -

Gender (male) 69 (59.5%) 4 (66.7%) 1.00

Age (years) 32.34 ± 16.21 36.00 ± 26.69 0.69

SBP (mmHg) 119.44 ± 29.37 104.00 ± 26.35 0.25

HR (beats/min) 98.13 ± 20.13 98.17 ± 25.66 0.74

RR (breaths/min) 20.03 ± 3.59 20.67 ± 5.00 0.95

Hemoglobin (g/dL) 12.11 ± 2.27 8.67 ± 0.51 0.001

Endotracheal intubation (%) 11 (9.5%) 2 (33.3%) 0.12

Tube thoracostomy (%) 16 (13.8%) 2 (33.3%) 0.21

CT extravasation (%) 29 (25.0%) 1 (16.7%) 1.00

Large hemoperiotneum (%) 25 (21.6%) 3 (50.0%) 0.13

Alcohol (%) 79 (68.1%) 6 (100.0%) 0.17

GCS 13.88 ± 2.55 11.83 ± 5.15 0.44

ISS 19.36 ± 10.24 27.83 ± 9.80 0.06

Mechanism: 0.47

Motorcycle 79 (68%) 5 (83%)

Motor vehicle 14 (12%) 1 (17%)

Others 23 (10%) 0 (0%)

Emergency room BT (U) 1.43 ± 2.05 2.33 ± 1.96 0.12

Hospitalization BT (U) 2.01 ± 4.15 10.17 ± 11.35 0.001

BT requirement (%) 67 (57.8%) 6 (100.0%) 0.08

Hospitalization (days) 13.22 ± 9.28 22.17 ± 21.12 0.33

ICU LOS (days) 4.19 ± 3.60 12.00 ± 10.60 0.02

Patients with associated injury (%) 91 (78.4%) 5 (83.3%) 1.00

Patients with complication(s) (%) 8 (6.8%) 0 (0.0%) 1.00

Mortality (%) 4 (3.4%) 2 (33.3%) 0.02

s-NOM: Successful non-operative management; f-NOM: Failed non-operative management; SBP: Systolic blood pressure; CT: Computed tomography; GCS: Gasglow
coma scale; ISS: Injury severity score; BT: Blood transfusion; ICU: Intensive care unit; LOS: Length of stay.
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failure of NOM included complications in 14 patients in
the initial NOM group (11.4%, 14/122). The f-NOM group
included 6 patients, and the s-NOM group included 8
patients. Of the 6 patients in the f-NOM, 1 presented with
BSI with persistent hemorrhage and atrial fibrillation at-
tack, 1 with a history of liver cirrhosis showing re-bleeding
after splenic angioembolization, 1 had splenic abscess with
profound sepsis after splenic angioembolization, 2 showed
reduced hemoglobin levels despite active resuscitation and
hepatic angioembolization, and 1 showed unstable hemo-
dynamics with concomitant BHSI and lung contusion.
Complications, including re-bleeding (n = 2), liver abscess
(n = 2), empyema (n = 1), intra-abdominal abscess (n = 2),
and intestinal obstruction (n = 1), were successfully treated
conservatively in the remaining 8 patients in the s-NOM
group. Six patients in the immediate OP group developed
complications, including sepsis (n = 1), the formation of
intra-abdominal abscess (n = 3), hepatic abscess (n = 1),
and biloma (n = 1), which were also successfully treated
conservatively.
In addition, there were 10 deaths, including 4 in the

s-NOM group, 2 in the f-NOM group, and 4 in the imme-
diate OP group. Of the 4 patients in the s-NOM group, 3
died of intracranial hemorrhage and 1 died of severe lung
contusion. Of the 4 patients in the immediate OP, 1 with
grade V BHI died of persistent shock postoperatively, 1
with BHI and pelvis fracture died of massive transfusion-
related coagulopathy, 1 with BHI and mesentery tear died
of liver cirrhosis, and 1 with BSI died of intracranial
hemorrhage. Of the 2 patients in the f-NOM group, 1 with
concomitant BHSI died of severe lung contusion (ISS:34)
on the second postoperative day, and 1 with grade IV BSI
(ISS:38) and post angioembolization re-bleeding died of
liver cirrhosis 6 days postoperatively.



Table 4 Comparisons between patients with and without operations for blunt high-grade liver or spleen injuries

Non-operative Operative P

(s-NOM) (f-NOM+ Immediate OP)

Number of patients (n) 116 34 -

Gender (male) 69 (59.5%) 24 (70.6%) 0.24

Age (years) 32.34 ± 16.21 30.76 ± 16.89 0.62

SBP (mmHg) 119.44 ± 29.37 106.76 ± 28.06 0.02

HR (beats/min) 98.13 ± 20.13 103.88 ± 25.64 0.23

RR (breaths/min) 20.03 ± 3.59 21.62 ± 6.09 0.15

Hemoglobin (g/dL) 12.11 ± 2.27 10.15 ± 2.89 <0.001

Endotracheal intubation (%) 11 (9.5%) 7 (20.6%) 0.12

Tube thoracostomy (%) 16 (13.8%) 12 (35.3%) 0.005

CT extravasation (%) 29 (25.0%) 17 (50.0%) 0.005

Large hemoperiotneum (%) 25 (21.6%) 22 (64.7%) <0.001

Alcohol (%) 79 (68.1%) 30 (88.2%) 0.02

GCS 13.88 ± 2.55 12.88 ± 3.72 0.15

ISS 19.36 ± 10.24 26.58 ± 11.13 0.001

Mechanism: 0.41

Motorcycle 79 (68%) 22 (65%)

Motor vehicle 14 (12%) 7 (21%)

Others 23 (10%) 5 (15%)

Emergency room BT (U) 1.43 ± 2.05 4.65 ± 4.94 0.001

Hospitalization BT (U) 2.01 ± 4.15 11.06 ± 11.70 <0.001

BT requirement (%) 67 (57.8%) 32 (94.1%) <0.001

Hospitalization (days) 13.22 ± 9.28 21.74 ± 15.67 0.004

ICU LOS (days) 4.19 ± 3.60 9.26 ± 9.35 0.004

Patients with associated injury (%) 91 (78.4%) 28 (82.4%) 0.62

Patients with complication(s) (%) 8 (6.8%) 6 (17.6%) 0.27

Mortality (%) 4 (3.4%) 6 (17.6%) 0.01

s-NOM: Successful non-operative management; f-NOM: Failed non-operative management; OP: Operation; SBP: Systolic blood pressure; CT: Computed tomography;
GCS: Gasglow coma scale; ISS: Injury severity score; BT: Blood transfusion; ICU: Intensive care unit; LOS: Length of stay.

Hsieh et al. World Journal of Emergency Surgery 2014, 9:51 Page 5 of 8
http://www.wjes.org/content/9/1/51
Initial NOM vs. immediate OP
NOM was initially applied in 81.3% (n = 122) of all patients
with high-grade BHSI. Twenty-eight (18.7%) patients
underwent emergency laparotomy. The incidences of ini-
tial NOM for high-grade BHSI were 88% (80/91) and 71%
(42/59), respectively. The comparisons of characteristics of
the initial NOM and immediate OP groups are presented
in Table 2.

s-NOM vs. f-NOM
Of the 122 patients initially treated with NOM, 116 were
treated successfully (95%). Further analysis of the two sub-
groups of the initial NOM group is presented in Table 3.

Non-operative vs. patients receiving operations
In terms of operative treatment, comparisons between
the s-NOM and patients receiving operations (imme-
diate OP + f-NOM) are shown in Table 4.
Discussion
NOM is currently the main treatment for patients with
BHSI and has shown excellent results [4,5,8,11,13-15].
This may be partly attributed to the aggressive use of
angioembolization in recent years [14,15,17,21,22]. An-
other factor is that strict use of a protocol based approach
and algorithm leads to a significantly expansion of NOM.
According to the study of Miller et al. [14], the failure rate
of NOM attempted for high-grade BSI improved from
15% to 5% with the incorporation of a protocol. Mitsusada
et al. [23] reported that NOM of BHI applied for se-
lected hemodynamically unstable patients (target SBP of
80 mmHg) under a revision protocol can decrease the
overall laparotomy rates and transfusion requirements.
Accordingly, a protocol based algorithm for the manage-
ment of BHSI is proposed.
In present study, NOM was applied in 81.3% of high-

grade BHSI patients with a failure rate of 3.7% and 7.1%



BAT with hepatic and splenic injuries

Successful NOM

Liver: 77

Spleen: 39

Mortality: 4 (14.3%)

Liver: 3  Spleen: 1

Complication: 6 (21.4%)

Liver: 4  Spleen: 2

Immediate OP

Liver: 11 

Spleen: 17

Mortality: 4 (3.4%)

Liver: 4  Spleen: 0

Complication: 8 (6.8%)

Liver: 5  Spleen: 3

Mortality: 2 (33.3%)

Liver: 1  Spleen: 1

Complication: 0 (0%)

Grade I & II

Liver: 52

Spleen: 21

Initial NOM

Liver: 80 

Spleen: 42

Failed NOM

Liver: 3

Spleen: 3

include our study

unstable or suspicion of peritonitis
admit to ICU

Returned to OR due to 

unstable or complication

exclude our study

Grade III,IV,V

Liver: 91

Spleen: 59

Figure 1 NOM was initially applied in 81.3% of all patients with high-grade blunt hepatic and/or splenic injuries with a failure rate of
4.9%. NOM: non-operative management; BAT: blunt abdominal trauma; ICU: intensive care unit; OR: operation room.
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for BHI and BSI, respectively, resulting in an overall
failure rate of 4.9%. Our results are comparable to those
of prior studies [8,9] showing that 72%-81% of BHSI
patients are treated by NOM with a failure rate of 5.2%-
5.8%. On the other hand, unlike previous studies [8,9],
the present study focused exclusively on high-grade in-
juries. Accordingly, this could justify NOM is adequate
in most high-grade BHSI patients.
Among previous organ-specific studies, those exami-

ning high-grade BHI, reported the use of initial NOM in
78%(63/81) of patients with a failure of 3.7%(3/81) [13].
In the present study, 91(60%) patients had high-grade
BHI, of which 80(88%) were managed nonoperatively,
with 3.7%(3/80) failures. In terms of splenic trauma, one
study [10] reported on 324(56%) patients had high-grade
BSI, of which 258(79%) were managed nonoperatively,
with 18(7%) failures. In present study, 59(74%) patients
had high-grade BSI, of which 42(71%) were managed
nonoperatively, with 7.1%(3/42) failures. Therefore, com-
pared with previous studies analyzing high-grade injuries
in a single specific organ [10,13], our study showed si-
milar results. It may be attributed to the standardized
protocol followed at our institute, which emphasizes the
early introduction of angioembolization for BHSI, and a
dedicated radiology team [21,22].
Most prior studies concluded that the main reason for

the failure of NOM is the hemodynamic instability, whereas
this observation was contradicted by Mitsusada et al. [23].
Various predictors of NOM failure have been documented
in the literatures [2,9,13,24-26]. Literature review of Bhangu
et al. [24] reported AAST grades 4–5, the presence of
moderate or large haemoperitoneum, increasing ISS, and
increasing age were significantly associated with increased
risk factor of NON failure in BSI, which led to significantly
longer ICU and overall lengths of stay. Hashemzadeh et al.
[25] suggested age, female gender and ISS were significant
predictors of NOM failure in BHSI. In another study,
Olthof et al. [26] reported age ≥ 40 years, ISS ≥ 25, splenic
injury grade ≥ 3 are prognostic factors of NOM failure in
BSI. In current study, lower level of hemoglobin, longer
ICU LOS, and higher number of hospitalization transfu-
sions were significant risk factors in those patients for
whom NOM failed. These observations were similar with
previous published studies [2,9,24,27]. Robinson 3ed et al.
[9] reported blood transfusion is a predictor of mortality,
hospital LOS and NOM failure in BHSI. Additionally,
Sartorelli et al. [27] proposed that the failure rate is higher
in patients who received more than 4U of blood. In our
study, in terms of the overall transfusions in ER and du-
ring hospitalization, the overall mean transfusion amounts
in the s-NOM and initial NOM groups were within the
4U limit, which was in agreement with the values reported
previously [27]. Further prospective study of transfusion
practices in treatment algorithms of BHSI is warranted.



Hsieh et al. World Journal of Emergency Surgery 2014, 9:51 Page 7 of 8
http://www.wjes.org/content/9/1/51
Another factor of NOM failure is a concomitant BHSI.
In a study of Sharma et al. [28] found a higher failure
rate (14.3%) than isolated liver (1.5%) or spleen (5.6%)
injury. However, it was contradicted by Robinson III
et al. [9]. In our study, there were only 6 patients with
combined high-grade BHSI, so it is difficult to compare
significance.
A potential drawback of NOM is that hollow viscus in-

juries are overlooked. Swaid et al. [29] reported a hollow
viscus injury rate of 1.5% in a BAT with neither splenic
nor hepatic injuries, 3.1% with isolated BSI, 3.1% with iso-
lated BHI, and 6.7% with concomitant BHSI, respectively.
Miller et al. [30] found an associated intra-abdominal in-
jury rate of 5% in a NOM liver group and 1.7% in a NOM
spleen group, and a missed injury rate of 2.3% and 0%, re-
spectively. On the other hand, the reported rate of hollow
organ injury is approximately 0.3% of 227972 BAT admis-
sions with an approximately 0.6-0.8% missed injury rate in
patients selected for NOM [27,31,32]. Thus, hollow viscus
injury is not unusual in combined BHSI. Although the
overall incidence of missed injury is relatively low, we
should not abandon the suspicion of peritonitis in every
BAT patient. In our series, there was no missed injury in
initial NOM group.
Multiple studies have documented that successful

NOM not only can increase organ salvage rates, but also
can decrease blood transfusions requirements, hospital
stays, nontherapeutic laparotomy rates, septic complica-
tions, and mortality rates [4,5]. Studies conducted by
Schnuriger et al. [13] and Velmahos et al. [15] reported
complications rates of approximately 17%-20% in high-
grade BHSI with NOM. On the other hand, in a col-
lective review of 1489 non-therapeutic laparotomies, the
complication rate was 14.6% [33]. Our data showed that
the morbidities of s-NOM (6.8%) and initial NOM
(11.4%) were lower than previous studies [13,15,33]. Al-
though our numbers were low, they lend further support
to the contention that the complication rate is accep-
table to justify this form of therapy.
Of the two mortality cases in f-NOM group, one

(ISS:34) died of concomitant severe lung contusion and
the other one (ISS:38) died of coexistent liver cirrhosis
coagulopathy. Fang et al. [34] considers that cirrhosis is
a contraindication for NOM in BSI and suggested early
surgery for these patients. Another study of Schnuriger
et al. [13] suggested that concomitant injuries, especially
extraabdominal lesions, are a major determinant of out-
come in patients with high-grade BHI and should be
consulted early by trauma surgeon. When NOM for
BHSI is often advocated, we should not forget that safe
NOM requires adherence to cardinal surgical principles
and fastidious clinical decision-making.
The present study had two limitations; one was we put

discussions of BHI and BSI together and another was
the lower number of cases included in the f-NOM
group. Hence, it may not be an accurate reflection of the
true results of the applicability of NOM to isolated he-
patic or splenic injuries. Despite these limitations, our
results provided valid information on the applicability of
NOM to high-grade BHSI as the data of the study was
collected prospectively with strict protocols.

Conclusions
Parallel to the rapid growth of economics in Taiwan,
motor vehicles accidents will continue to contribute
significantly to the high-grade BHSI. Our study shows
lower morbidities in successful NOM justify further at-
tempts for NOM in high-grade BHSI in selected patients
aiming at formulating a specific standardized diagnostic/
management algorithm. With the incorporation of a
protocol, 95% of hemodynamically stable patients with
high-grade BHSI can be managed safely with NOM. This
study can help emergency practitioners and trauma sur-
geons recognize and introduce the practice.
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The Application of McBurney’s Single-Incision
Laparoscopic Colectomy Alleviates the Response

of Patients to Postoperative Wound Pain

Wei-Hung Lai, MD,1,* Yueh-Ming Lin, MD,2,* Ko-Chao Lee, MD,2 Hong-Hwa Chen, MD,2
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Abstract

Background: Single-incision laparoscopic colectomy (SILC) is one of several promising operation choices. Our
previous study demonstrated that SILC with a self-made glove-port system both improves the feasibility of
SILC and decreases the cost expense of surgery. Because the incision site for SILC could be made at either the
umbilicus or McBurney’s point, we are interested in whether the incision site affects the outcomes of patients,
which is a less explored topic. The purpose of this study is not only to show the results of SILC with a self-made
glove-port system for supporting its feasibility, but also to compare the short-term surgical outcomes between
SILC with the incision made at the umbilicus and at McBurney’s point.
Subjects and Methods: We collected and reviewed the medical records of patients who received SILC with a
self-made glove-port system for tumors in the left side of the colon from August 2009 to March 2011. All
operations were performed by a single surgeon. Comparisons of the demographic characteristics, perioperative
data, and clinical outcomes between umbilical and McBurney’s SILCs were performed. Postoperative pain was
assessed by a visual analog scale and opiate demand.
Results: In total, 61 patients were enrolled in this retrospective study. Five of 48 (10.4%) tumors in the
umbilical SILC group and 5 of 13 (38.5%) tumors in the McBurney’s SILC group were located below the
peritoneal reflection. The tumor location was significantly different between these two groups (P = .015).
Patients in the umbilical SILC group had significantly higher frequency of opiate demand than those in the
McBurney’s SILC group (0.4 – 0.7 versus 1.4 – 1.8, respectively; P = .002).
Conclusions: This study further provides evidence for supporting the safety and feasibility of SILC in treating
colorectal diseases. More important is that McBurney’s SILC not only alleviates the patient response to wound
pain, but also provides the same site for a diverting enterostomy to avoid creating an additional wound.

Introduction

M inimally invasive laparoscopic surgery is ap-
plied to numerous surgical procedures across a broad

range of surgical disciplines, including gastrointestinal and
colorectal surgeries. It contributes to faster recovery, less
pain, fewer complications, and better cosmetic outcomes
than laparotomy.1,2 Because of the progress of the tech-
niques, single-incision laparoscopic surgery (SILS), natural
orifice transluminal endoscopic surgery (NOTES�; American

Society for Gastrointestinal Endoscopy [Oak Brook, IL] and
Society of American Gastrointestinal and Endoscopic Sur-
geons [Los Angeles, CA]),3,4 and minilaparoscopy-assisted
natural orifice surgery,5 as well as other new techniques, are
now responsible for the new paradigm of operation choices in
the 21st century.6 It is worthy of mention that although some
of these techniques were initially developed for research,
they are now used in the clinic to reduce surgical invasiveness
and to embellish cosmetic appearance. For example, because
the SILS-derived incision can be thoroughly hidden in the
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umbilicus, SILS not only has the minimally invasive advan-
tage but also improves the cosmetic appearance. Moreover, the
safety and efficacy of SILS have been demonstrated in several
surgical procedures, including left and right single-incision
laparoscopic colectomy (SILC),7–11 sigmoidectomy,12,13

gastrojejunostomy,14 and bariatric surgery.15

SILC is one of the SILS procedures and has been developed
as an effective way to treat benign and malignant colorectal
diseases because it has innovations in new access devices,
instruments, and surgical techniques.16 Therefore, SILC brings
much more potential benefits compared with conventional
laparoscopic colectomy.17,18 However, the challenges, such as
instrument crowding,19 the high cost of specially designed
curved instruments, and the limitation of movement due to
paralleled instruments, still remain in SILC and increase the
difficulties of tissue manipulation and dissection.

Our previous studies as well as the reports of others have
demonstrated that when SILC is introduced with a simple
glove-port device18,20,21 by using a commercially available
wound protector and surgical glove, it may both improve the
feasibility of SILC and decrease the cost expense of surgery.
It is worthy of mention that the single incision of SILC could
be made not only at the umbilicus, but also at McBurney’s
point. Whether the site of single incision affects the outcomes
of patients still remains unclear. The goal of this study was to
evaluate the results of SILC using a self-made glove-port

system and to compare the short-term surgical outcomes
of SILC between umbilical and McBurney’s incisions for
tumors of the left side of the colon and rectum.

Subjects and Methods

Sample collection

The study was conducted to retrospectively collect the
medical records of patients with tumors on the left side of the
colon and rectum who underwent SILC using a self-made
glove-port system via an umbilical or McBurney’s incision
wound from August 2009 to March 2011 at our institu-
tion. All the operations were performed by a single surgeon.
We collected and analyzed the perioperative data, clinical
outcomes, and demographic characteristics, including age,
gender, body mass index, tumor size, tumor location, degree
of malignancy, disease stage, incision length, length of bowel
resection, lymph node harvest, resection margin, estimated
blood loss, use of curved instrument, duration of opera-
tion, drain placement, pain score, duration of hospital stay,
bowel return, use of extra ports, and creation of a diverting
enterostomy.

Surgical equipment

All SILC procedures were performed with a self-made glove-
port system. In brief, the system was constructed by connecting

FIG. 1. Illustration of the self-made sin-
gle-port system. (A and B) A surgical glove
was attached to a standard wound protector,
and trocars were introduced through the
fingers of the gloves. (C) This system al-
lowed greater movement feasibility of the
instrument intraoperatively than conven-
tional systems.
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a commercial wound protector (ALEXIS� wound retractor
system; Applied Medical, Rancho Santa Margarita, CA) to a
surgical glove. Trocars (e.g., 5 mm, 10 mm, and 15 mm) were
then introduced through the little finger, thumb, and middle
finger of the glove, respectively (Fig. 1).

Surgical procedures

Under general anesthesia, patients were placed in the li-
thotomy position. An incision 2.5–3 cm long was made at the
umbilicus or McBurney’s point. The incision was decided by
the surgeon according to the tumor location, anatomic con-
sideration, and surgical experience. Then, for SILC, the self-
made glove-port system with the wound protector was placed,
and a CO2 pneumoperitoneum was produced with a maximal
pressure of 12 mm Hg. A laparoscope 30� in angle and 10 mm
in diameter was used for all patients. A medial-to-lateral ap-
proach was used for all procedures. Conventional and curved
laparoscopic instruments were used interchangeably. Dissec-
tion was primarily done with electrocautery and/or LigaSure�
instruments using the ForceTriad� energy platform (Valley-
lab�, Covidien, Boulder, CO). The inferior mesenteric vessels
were identified and ligated with hemoclips. In some cases,
curved dissection instruments or scissors were used for lateral
detachment of the sigmoid colon. After the left colon was
freed, the mesorectum was dissected before dissection of the
colorectum with an Echelon Flex 60 Endopath� stapler

( Johnson & Johnson, New Brunswick, NJ). The specimen
was removed through the umbilical or McBurney’s incision
wound, and the anastomosis was made intracorporeally with
a Proximate ILS intraluminal curved or straight stapler
( Johnson & Johnson). Lymph node dissection was also per-
formed in all cases. Representative images of specimen re-
moval and postoperative wounds are shown in Figure 2.

After the removal of the laparoscopic instruments and
glove-port device, a Jackson–Pratt drain was placed through
the incision wound if required, depending on the degree of
dissection, blood loss, and presence of lymphatic or bloody
discharge after completion of the procedure. On the other
hand, a diverting enterostomy was created, if needed, over
McBurney’s point in the umbilical incision group and over
the McBurney’s incision wound in the McBurney’s incision
group, respectively.

Postoperative care

All patients received standard postoperative care and pain
management. Pain severity was assessed 24 hours postopera-
tively using visual analog scale (VAS) pain scores. Patients
were asked to rate their pain on a scale of 1 (no pain) to 10 (the
worst pain imaginable). All patients were told of the availability
of analgesia. Meperidine was administered as the postoperative
analgesic upon patient request only. Patients weighing >50 kg
received one injection of 50 mg of meperidine intramuscularly;

FIG. 2. Representative images of speci-
men removal and postoperative wounds. (A
and B) Representative images of specimen
removal through the wound protector in the
single-incision laparoscopy. (C) A postop-
erative wound from single-incision laparo-
scopic colectomy.
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for those weighing <50 kg, the dosage was adjusted by the
patient’s weight (1 mg/1 kg). Meperidine was administered
intramuscularly once every 4 hours or as needed. No other form
of pain relief was administered in the postoperative period. If
drains were placed, they were removed when the drainage
amount was <50 mL/day and the contents were clear. Patients
were kept fasting until the bowel function returned, defined as
passage of flatus, and then sips of water were allowed. If water
was tolerated, the diet was advanced to clear liquids followed by
a soft diet. When tolerating a general diet, patients were dis-
charged typically on postoperative Day 5–7, and they were
followed up in the outpatient clinic.

Statistical analysis

Patients’ demographic, perioperative data, and clinical
outcomes were summarized as mean – standard deviation
values for continuous data and n (%) for categorical data for
the McBurney’s and umbilical incision groups. Differences
between groups were compared by using two-sample t test for
continuous variables and Pearson’s chi-squared test or Fisher’s
exact test if any cell number was less than 5 for categorical
variables.

All statistical assessments were two-tailed and considered
significant at P < .05. Statistical analyses were performed by
using SPSS version 15.0 statistics software (SPSS Inc.,
Chicago, IL).

Results

In this study, we examined whether the site of the single
incision of SILC affects the outcomes of patients. There-
fore, all the patients’ data, including demographic and clin-
ical characteristics, for the umbilical and McBurney’s SILC
groups are listed in Table 1. In total, 61 patients were enrolled
in this retrospective study, including 48 patients (25 males,
52.1%; 23 females, 47.9%) in the umbilical SILC group and
13 patients (9 males, 69.2%; 4 females, 30.8%) in McBur-
ney’s SILC group. Patients’ mean age was 63.2 – 13.8 years
and 63.4 – 9.5 years for the umbilical SILC and McBurney’s
SILC groups, respectively. There were no significant differ-
ences in age, gender, body mass index, tumor size, degree of
malignancy, and disease stage between these two groups.
However, we found that the tumor location was significantly
different between these two groups (P = .015): the percentage
of tumor location below the peritoneal reflection was much
higher in the McBurney’s SILC group (38.5%) than in the
umbilical SILC group (10.4%).

Surgical data and clinical outcomes between these two
groups were further analyzed and are shown in Table 2. All
operations were performed successfully because no intra-
operative complication occurred and no patient needed con-
version to laparotomy. Median incision length was 3.5 cm
and 4.9 cm in the umbilical and McBurney’s SILC groups,
respectively. Median duration of operation was 176.0 min-
utes and 180.8 minutes in the umbilical and McBurney’s
SILC groups, respectively. Although the above data revealed
some differences, there was no statistically significance dif-
ference between the two groups with respect to the incision
length and duration of operation. Similarly, there was no
significant difference in length of bowel resection, lymph
node harvest, resection margin, blood loss, use of curved

Table 1. Patient Demographic Data

Umbilical
SILC

McBurney’s
SILC P

Age (years) 63.2 – 13.8 63.4 – 9.5 .962

Gender .270
Male 25 (52.1) 9 (69.2)
Female 23 (47.9) 4 (30.8)

BMI (kg/m2) 24.5 – 3.1 23.2 – 3.5 .185
Tumor size (cm) 3.0 – 1.6 2.2 – 1.2 .093

Tumor location .015a

Above peritoneal
reflection

43 (89.6) 8 (61.5)

Below peritoneal
reflection

5 (10.4) 5 (38.5)

Malignancy 38 (79.2) 10 (76.9) .861

Stage .658
0 3 (7.9) 1 (10.0)
I 10 (26.3) 4 (40.0)
II 12 (31.6) 4 (40.0)
III 10 (26.3) 1 (10.0)
IV 3 (7.9) 0 (0)

Data are mean – standard deviation values or number (%) as
indicated.

aStatistically significant difference.
BMI, body mass index; SILC, single-incision laparoscopic

colectomy.

Table 2. Surgical Data and Clinical Outcomes

Umbilical
SILC

McBurney’s
SILC P

Incision length (cm) 3.5 – 0.7 4.9 – 3.1 .128
Length of bowel

resection (cm)
22.3 – 8.6 25.2 – 11.2 .309

Lymph node harvest (n) 8.0 – 7.4 6.4 – 4.5 .445
Resection margin (cm) 6.0 – 3.7 4.9 – 3.6 .323
Blood loss (mL) 47.6 – 48.9 86.8 – 199.7 .496
Curved instrument 19 (39.6) 5 (38.5) .941
Duration of operation

(minutes)
176.0 – 54.4 180.8 – 35.1 .764

Drain 20 (41.7) 6 (46.2) .772
Pain score 2.9 – 1.1 3.2 – 1.5 .455
Meperidine doses .532

0 22 (45.8) 9 (69.2)
1 7 (14.6) 3 (23.1)
2 8 (16.7) 1 (7.7)
3 5 (10.4) 0 (0)
4 3 (6.3) 0 (0)
5 2 (4.2) 0 (0)
6 0 (0) 0 (0)
7 0 (0) 0 (0)
8 1 (2.1) 0 (0)
Average number of

doses
1.4 – 1.8 0.4 – 0.7 .002a

Hospital stay (days) 8.5 – 6.1 7.3 – 2.1 .492
Bowel return (days) 2.4 – 0.7 2.3 – 0.9 .566
Extra port 2 (4.2) 1 (7.7) .236
Diverting enterostomy 5 (10.4) 3 (23.1) .230

Data are mean – standard deviation values or number (%) as
indicated.

aIndicates statistically significant difference.
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instrument, drain placement, and return of bowel function
between these two groups. Nonetheless, we observed an in-
teresting phenomenon that patients in the umbilical SILC
group had a significantly higher frequency of meperidine
demand for the alleviation of wound pain than those in the
McBurney’s SILC group (0.4 – 0.7 versus 1.4 – 1.8, respec-
tively; P = .002), despite the lack of statistical significance in
pain score between the two groups.

Also, 2 of the 48 patients (4.2%) in the umbilical SILC
group and 1 of the 13 patients (7.7%) in the McBurney’s
SILC group received an extra port (5 mm) over the left lower
quadrant of the abdomen in addition to the single incision
wound because of difficult anatomy. Owing to the multiple
underlying diseases, a diverting enterostomy was created in 5
patients (10.4%) in the umbilical SILC group and 3 patients
(23.1%) in the McBurney’s SILC group. Finally, no mortality
or complication occurred in either group during the post-
operative hospital stay. Moreover, no significant difference
in the length of hospital stay was observed between the two
groups.

Discussion

To achieve better performance of SILC, a glove-port sys-
tem constructed by connecting a commercial wound protec-
tor to a surgical glove has been developed and used.18,22 The
double-ring design of the wound protector allows not only the
wound protector and surgical glove to be connected tightly,
but also the glove to roll completely around the wound pro-
tector without air leakage. The device allows a larger range of
movement, better wound protection, and more feasibility of
direction change at any time. Furthermore, it is suitable for all
body types and different incision sites to enter the abdominal
cavity. Thus, the glove-port system also provides the feasi-
bility of SILC by McBurney’s incision.

Several studies have revealed that SILC could reduce
postoperative wound pain and decrease the use of analgesics
compared with multiport or hand-assisted laparoscopy.23–25

However, our previous study showed that the postoperative
VAS pain scores were higher in the umbilical SILC group
than in the conventional laparoscopic colectomy group.18

Based on the potential clinical benefits of postoperative pain
control, we investigated the use of postoperative single-dose
local anesthesia wound infiltration after umbilical SILC. An
association between lower pain scores and administration of
local anesthesia after SILC procedures was shown, but the
difference was not statistically significant.

In the last two centuries, open appendectomy is the most
common approach to treat appendicitis when time and cost are
taken into consideration. Most surgeons are familiar with the
procedure of McBurney’s incision, which makes the McBur-
ney’s SILC an alternative choice for performing SILC. Al-
though there were comparable surgical outcomes between the
umbilical and McBurney’s SILCs in this study, several tech-
nical issues have to be considered in choosing which incision
site to be made for SILC. For McBurney’s SILC, the splenic
flexure take-down is hard to manipulate as the incision wound
is much more distant than that of the umbilical SILC. More-
over, patients with a redundant sigmoid colon have the ad-
vantage for the performance of the McBurney’s SILC because
splenic flexure may not need to be taken down. Based on this
observation, it is highly recommended that a lower gastroin-

testinal series examination be done before the McBurney’s
SILC to examine the redundancy of sigmoid colon. For those
tumors located below the peritoneal reflection, a limited angle
for traction and dissection in the umbilical SILC is encoun-
tered because the axis is parallel between the umbilicus and the
rectum. In this situation, McBurney’s SILC may be a better
choice than the umbilical SILC to provide the feasibility of
lateral dissection for the tumors below the peritoneal reflec-
tion. Hence, 38.5% and 10.4% of the tumors were located
below the peritoneal reflection in the McBurney’s and the
umbilical incision groups, respectively. It is notable that the
tumor location was significantly different between these two
groups (P = .015). We also found that small bowel interference
during the operation is a potential problem in McBurney’s
SILC. Patients were put in the right Trendelenburg position to
keep the small bowel free from the surgical field. Because the
incision wound in McBurney’s SILC is laterally to the um-
bilical SILC, the operated angle of the laparoscope is limited in
McBurney’s SILC, leading to frequent small bowel interfer-
ence. Therefore, meticulous and careful dissection is needed
while performing McBurney’s SILC. On the other hand, when
it is planned to create a diverting enterostomy, patients re-
ceiving the umbilical SILC need an additional incision wound
for enterosotmy. However, McBurney’s SILC provides the
same incision site for a diverting enterostomy so as to avoid an
additional incision wound. Collectively, the selection of inci-
sion site for SILC still depends on the surgeon’s experience
and considerations with respect to the tumor location and
anatomy.

Although poorly controlled postoperative pain may in-
crease morbidity and mortality, both clinical outcomes and
patient satisfaction improve when postoperative analgesia is
optimized.26 Opioid drugs administered for postoperative
wound pain may result in problematic side effects such as
nausea, vomiting, oversedation, confusion, and delay of post-
operative resumption of bowel function.27 In this study, there
was no statistical significance for the difference in VAS pain
score between the umbilical and McBurney’s SILC groups.
However, patients in the umbilical SILC group had a signifi-
cantly higher frequency of meperidine demand compared with
those in the McBurney’s SILC group (0.4 – 0.7 versus 1.4 –
1.8, respectively; P = .002). The result suggests that patients in
the McBurney’s SILC group have less opiate demand and
better postoperative wound pain control compared with those
in the umbilical SILC group. In this way, it may reduce the side
effects caused by opioid drugs. Furthermore, there are some
limitations in this study, and they should be taken into con-
sideration in further studies. First, the sample size is too small,
and the study is just a retrospective study. However, all pro-
cedures were performed by the same surgeon, and the patients
in these two groups were comparable. Second, we did not
assess the cosmetic outcome of the postoperative wound.
Therefore, a longer follow-up may have to be planned, and
then the cosmetic outcomes will be evaluated at that time.

In conclusion, this study further strengthens the safety and
feasibility of SILC in treating colorectal diseases. Although
SILC via an umbilical or McBurney’s incision brings compa-
rable surgical outcome as observed in this study, McBurney’s
SILC in particular alleviates the patient response to the postop-
erative wound pain. In addition to this promising advantage,
McBurney’s SILC provides the same site for a diverting enter-
ostomy to avoid an additional wound. Therefore, McBurney’s
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SILC seems to be an alternative approach for treatment of
colorectal diseases.
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Inhibition of the phosphoinositide 3-kinase
pathway decreases innate resistance to
lipopolysaccharide toxicity in TLR4 deficient mice
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Abstract

Background: Upon lipopolysaccharide (LPS) stimulation, activation of both the Toll-like receptor 4 (TLR4) and
phosphoinositide 3-kinase (PI3K) pathways serves to balance proinflammatory and anti-inflammatory responses.
Although the antagonist to TLR4 represents an emerging promising target for the treatment of sepsis; however,
the role of the PI3K pathway under TLR4-null conditions is not well understood. This goal of this study was to
investigate the effect of inhibition of PI3K on innate resistance to LPS toxicity in a murine model.

Results: The overall survival of the cohorts receiving intraperitoneal injections of 100, 500, or 1000 μg LPS from
Escherichia coli serotype 026:B6 after 7 d was 100%, 10%, and 10%, respectively. In contrast, no mortality was noted
after 500-μg LPS injection in Tlr4−/− mice. When the PI3K inhibitor LY294002 was injected (1 mg/25 g body weight)
1 h prior to the administration of LPS, the overall survival of the Tlr4−/− mice was 30%. In the Tlr4−/− mice, the LPS
injection induced no NF-κB activation but an increased Akt phosphorylation in the lung and liver, when compared
to that of the C57BL/6 mice. Injection of 500 μg LPS led to a significant induction in O2

− detected by electron
paramagnetic resonance (EPR) spin trapping spectroscopy in the lung and liver at 3 and 6 h in C57BL/6 but not
Tlr4−/− mice. Addition of LY294002 only significantly increased the O2

− level in the lung and liver of the Tlr4−/− mice
but not in the C57BL/6 mice following 500-μg LPS injection. In addition, the serum IL-1β and IL-2 levels were more
elevated in C57BL/6 mice than in Tlr4−/− mice. Notably, IL-1β and IL-2 were significantly increased in Tlr4−/− mice
but not in the C57BL/6 mice when the PI3K pathway was inhibited by LY294002 prior to LPS injection.

Conclusions: In this study, we demonstrate that innate resistance to LPS toxicity in Tlr4−/− mice is impaired by
inhibition of the PI3K pathway, with a corresponding increase in mortality and production of tissue O2

− and
inflammatory cytokines.

Keywords: Lipopolysaccharide (LPS), Toll-like receptor 4 (TLR4), Phosphoinositide 3-kinase (PI3K)
Background
Lipopolysaccharide (LPS) from gram-negative bacteria is a
potent Toll-like receptor 4 (TLR4) ligand and an inflam-
matory mediator that activates well characterized pathways
involving nuclear factor-kappa B (NF-κB) signal transduc-
tion and subsequent expression of inflammatory cytokines
[1]. TLRs signal through two main pathways: a myeloid dif-
ferentiation factor (MyD)88-dependent pathway that acts
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via NF-κB to induce pro-inflammatory cytokines, and a
MyD88-independent pathway that acts via type I inter-
ferons to increase the expression of interferon-inducible
genes [2,3]. TLR4 stimulation also induces concomitant
activation of the phosphoinositide 3-kinase (PI3K) and
the downstream target serine/threonine kinase Akt
[4-9]. The p85 regulatory domain subunit of PI3K has
been reported to associate with TLR4 in cells, and co-
immunoprecipitation experiments demonstrated that
MyD88 binds p85 upon LPS stimulation [10,11]. It has
been demonstrated that, upon LPS stimulation, the
kinetics of MyD88 and PI3K recruitment to TLR4 are
d. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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similar [11]. Moreover, MyD88 and PI3K constitutively
bind as a dimer and have a direct role in the activation
of PI3K [12,13]. The induced concomitant activation of
the PI3K/Akt pathway following TLR4 stimulation was re-
cently shown to negatively regulate the pro-inflammatory
response both in vitro and in vivo [4-9]. LPS-induced
phosphorylation of Akt was reported to be completely
TLR4-dependent [14], and can be suppressed by a specific
PI3K inhibitor, LY294002 [15].
The PI3K/Akt signaling pathway is one of the most

critical pathways involved in regulation of cell survival
[16] and inflammatory responses [17]. The PI3K/Akt sig-
naling pathway may be an endogenous negative feedback
regulator and/or compensatory mechanism that serves
to limit pro-inflammatory and apoptotic events in re-
sponse to injurious stimuli [18-20]. Recent evidence indi-
cates that there is crosstalk between the TLR and PI3K/
Akt signaling pathways [11,12,18-20]. LPS-induced TLR4
stimulation protects monocytes and human dendritic cells
from apoptosis through PI3K/Akt- and NF-κB-dependent
mechanisms by regulating the phosphorylation of NF-κB
p65 at serine 536 and Akt at serine 473 [12]. In addition,
in a murine model of cecal ligation and puncture-induced
polymicrobial sepsis, inhibition of PI3K activity increased
serum cytokine levels and mortality [20]. In contrast to
these findings, stimulation of the PI3K pathway was corre-
lated with improved outcome [20]. Administration of
endotoxin to PI3Kγ-knockout mice resulted in decreased
acute lung injury, suggesting that the PI3K pathway plays
an important role in the pathophysiology of endotoxic
injury [21].
Sepsis mice induced by the administration of LPS were

employed as a redox disruption model because sepsis is
well known to be a systemic inflammatory response syn-
drome related to the generation of reactive oxygen spe-
cies (ROS) [22]. LPS has been shown to generate ROS
through the stimulation of LPS-binding proteins and
Toll-like receptors [23]. Furthermore, the released cyto-
kines were shown to induce ROS generation in endothe-
lial cells [24]. The expression level of TLR4 determines
the degree of LPS susceptibility in mice [25]. Manipula-
tion of TLR4 activation has been hypothesized to modu-
late the innate resistance to LPS toxicity. For example,
C57BL/10ScCr mice carry a deletion of the Tlr4 gene,
and are thus refractory to LPS effects [25,26]. TLR4 an-
tagonism also restores the function of septic organs dur-
ing endotoxemia [27,28]. The simultaneous activation of
both the TLR4 and PI3K pathways upon LPS stimulation
has been reported to balance the pro-inflammatory and
anti-inflammatory response [29]; Although the antagon-
ist to TLR4 represents an emerging promising target for
the treatment of sepsis; however, the role of PI3K path-
way under TLR4-null conditions is not well understood.
In this study, we demonstrate that innate resistance to
LPS toxicity in Tlr4−/− mice is reduced by the inhibition
of the PI3K pathway, with a corresponding increase in
mortality and production of tissue superoxide and in-
flammatory cytokines.

Methods
Animals
Eight to twelve week old male mice weighing 25–30 g
were used in the study. Tlr4−/− (C57BL/10ScNJ) mice
were purchased from Jackson Laboratory (Bar Harbor,
ME, USA). C57BL/6 mice were purchased from the Na-
tional Laboratory Animal Center, Taiwan. The murine
strain C57BL/10ScNJ mice have a deletion of the Tlr4
gene that results in absence of both mRNA and protein
and thus in defective response to LPS stimulation. C57BL/
6 was used as a control. All housing conditions and surgi-
cal procedures, analgesia, and assessments were in accord-
ance with national and institutional guidelines, and an
Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC)–accredited SPF facility was used.
The animal protocols were approved by the Institutional
Animal Care and Use Committee (IACUC) of Kaohsiung
Chang Gung Memorial Hospital.

Survival studies
LPS from Escherichia coli serotype 026:B6 (catalog no.
L3755) was purchased from Sigma-Aldrich (St. Louis,
MO, USA). To profile the LPS toxicity, C57BL/6 mice were
injected intraperitoneally (i.p.) with 100, 500, 1000 μg of
LPS reconstituted in 100 μL of phosphate-buffered saline
(PBS) (n = 10 in each group) for survival studies. The mice
were returned to their cages after LPS injection and closely
monitored for up to 7 d. Mice were given ad libitum access
to food and water at all times. Additional groups of Tlr4−/−

mice received i.p. injections of 500 μg LPS in the presence
or absence of i.p. PI3K inhibitor LY294002 (1 mg/25 g
body weight, Sigma-Aldrich) and were observed for sur-
vival studies (n = 10 in each group). LY294002 was injected
1 h prior to the administration of LPS.

Blood and tissue samples
C57BL/6 and Tlr4−/− mice were injected i.p. with 500 μg
LPS and sacrificed at 3- or 6-h post-injection. The con-
trol group was injected with 100 μL PBS. Additional
groups of Tlr4−/− mice received i.p. injections of (1 mg/
25 g body weight) LY294002 1 h prior to the injection of
500 μg LPS (n = 6 in each group). Whole blood was drawn
from the mice, and tissues, including the lungs, liver, and
spleen, were harvested for western blot analysis of Akt
phosphorylation and nuclear translocation of p65 as well
as the measurement of superoxide (O2

−) production.
Whole blood samples (1 mL per mouse) were collected
into tubes containing an anticoagulant and incubated at
room temperature for 15 min prior to centrifugation at
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3,000 × g for 10 min. White blood cells (WBCs) were
slowly removed from the corresponding layers and the
serum was extracted and stored at −80°C before process-
ing for cytokine assays.

Western blot analysis
The harvested lung, liver, and spleen tissues from wild
type C57BL/6 mice and Tlr4−/− mice injected with 500 μg
LPS in the presence or absence of LY294002 were har-
vested for detection of pAkt/Akt and nuclear p65/lamin
B1 proteins. We extracted the cytoplasmic and nuclear
protein fractions using NE-PER extraction reagents ac-
cording to the manufacturer’s protocol (Pierce Biotechnol-
ogy, IL, USA). Cytoplasmic and nuclear protein extracts
were used for Western blot analysis. The protein samples
(30 μg) were resolved on a 10% SDS-polyacrylamide gel
and transferred to polyvinylidenedifluoride membranes.
The membranes were then blocked with 5% skim milk in
Tween-20/ PBS and incubated with various primary anti-
bodies, including rabbit anti–phospho-Akt (Ser473), anti-
Akt (Cell Signaling Technology, Danvers, MA, USA),
anti-p65, and anti-lamin B1 (Santa Cruz, CA, USA) at 4°C
overnight. The blots were then incubated with horseradish
peroxidase–conjugated secondary antibodies at room
temperature for 60 min, and developed using the ECL™
Western Blotting System (Amersham Pharmacia Biotech,
Aylesbury, UK). The protein bands were quantified with
the FluorChem 8900 imaging system and the AlphaEa-
seFC software (Alpha Innotech Corp, CA, USA).

Superoxide measurement
Superoxide formation was measured using electron para-
magnetic resonance (EPR) spin trapping spectroscopy
[30]. Briefly, harvested lung, liver, and spleen tissues were
homogenized with 10 μg/mL chelex-treated PBS contain-
ing aprotinin, 0.5 μg/mL leupeptin, 0.7 μg/mL pepstatin,
and 500 μM PMSF. The protein samples (30 μg) were
mixed with 1 mM 1-hydroxy-3-carboxypyrrolidine (CPH)
and 0.1 mM diethyl-tetrapentaacetic acid (DTPA) to che-
late the ions of transition metals. The mixture was loaded
in 50-μL glass capillary tubes (Wilmad Glass, Buena, NJ,
USA). The electron paramagnetic resonance spectra were
recorded using an EMX Plus EPR spectrometer (Bruker
Biospin, Rheinstetten, Germany) equipped with an EMX-
m40X microwave bridge operating at 9.88 GHz.

Cytokine assays
The concentrations of IL-1β and IL-2 in the serum sam-
ples were determined using enzyme-linked immunosorb-
ent assay (ELISA) kits for IL-1β and IL-2 (lnvitrogen
Corporation, CA, USA), as per the manufacturer’s proto-
col. Sample concentrations were then calculated from a
standard curve. Results are expressed as picograms per
milligram (pg/mg) of protein.
Statistical analysis
All results are presented as the mean ± standard error. An
overall analysis of the differences between the group
means was calculated by a one way analysis of variance
(ANOVA) and an appropriate post hoc test using SPSS
statistical software (SPSS 18, Chicago, IL, USA). A value of
P < 0.05 was considered to indicate statistical significance.

Results
Immediately after LPS injection, the mice showed pro-
nounced symptoms, including reduced mobility, ruffled
fur, hunched appearance, and lethargy. As shown in
Figure 1, after injection of 1000-μg LPS, 80% of the
C57BL/6 mice died within the first 24 h and 90% of the
mice died within 48 h. After injection of 500 μg LPS, no
mice died within the first 24 h; however, 90% of the mice
died within 48 h. No mortality was noted throughout
the experiment after injection of 100 μg of LPS. The
overall survival after 7 d in the mouse groups receiving
100-, 500-, and 1000-μg LPS injections was 100%, 10%,
and 10%, respectively (Figure 1A). In contrast, after in-
jection of 500 μg LPS in the Tlr4−/− mice, no mortality
was noted throughout the experiment. In addition, the
symptoms observed following LPS injection were less
pronounced during the entire observation period and
the mice regained full mobility quickly. When 1 mg/25 g
body weight LY294002 was injected 1 h prior to the ad-
ministration of LPS, 30% and 70% of the Tlr4−/− mice
died within 48 and 72 h, respectively (Figure 1B). The
overall 7-d survival of the Tlr4−/− mice following PI3K
inhibition and injection of 500 μg LPS was 30%. Injec-
tion with 1 mg/25 g body weight LY294002 alone did
not cause mortality in the Tlr4−/− mice.
Injection of 500 μg LPS in the C57BL/6 mice induced ac-

tivation of Akt at 3 and 6 h in the lung and liver (Figure 2);
however, injection of 500 μg LPS in the Tlr4−/− mice in-
duced more Akt phosphorylation after 3 and 6 h in the
lung and liver. There was no Akt phosphorylatoin being
detected in the spleen tissue of either C57BL/6 or Tlr4−/−

mice following LPS injection. Addition of LY294002 one
hour prior to LPS injection effectively blocked the activa-
tion of Akt in the lung and liver of the Tlr4−/− mice at 3
and 6 h post-treatment. In contrast, injection of 500 μg
LPS in the C57BL/6 mice induce the signficant NF-κB acti-
vation that presented as p65 nuclear translocation at 6 h in
the lung, at 3 h and 6 h in the liver, but not in the spleen
tissue. Addition of LY294002 one hour prior to LPS injec-
tion did not inhibit the p65 nuclear translocation in the
lung and liver of the C57BL/6 mice at 3 and 6 h post-
treatment. In the Tlr4−/− mice, LPS injection did not
induce significant p65 nuclear translocation in all three tis-
sues regardless of the presence or absence of LY294002
pretreatment. Injection of 500 μg LPS resulted in signifi-
cantly elevated EPR signals, which were indicative of



Figure 1 Survival study. (A) Survival rate of the C57BL/6 mice receiving intraperitoneal injections of 100, 500, or 1000 μg LPS from Escherichia
coli serotype 026:B6. Mice were monitored up to 7 days (n = 10 in each group) (B) Survival rate of the Tlr4−/− mice receiving intraperitoneal
injection of LY294002 (1 mg/25 g body weight) alone, 500 μg LPS alone, or 500 μg LPS with LY294002 injected 1 h prior.
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elevated O2
− levels, in the lung and liver of the C57BL/6

mice at 3 and 6 h post-treatment (Figure 3A). Addition of
LY294002 did not significantly change the elevated O2

−

levels in the lung and liver of the C57BL/6 mice at 3 and
6 h post-treatment. No change in the EPR signals was
noted in the spleen tissue after LPS injection at either 3 or
6 h. In contrast, no significant elevation in EPR signals was
found in the lung, liver, or spleen of Tlr4−/− mice receiving
injection of 500 μg LPS (Figure 3B). Inhibition of the PI3K
pathway with LY294002 one hour prior to LPS injection
significantly elevated the EPR signals in the lung and
liver tissue of the Tlr4−/− mice administered 500 μg LPS.
LY294002 pretreatment alone induced no remarkable
change in EPR signals in the spleen (Figure 3B).
Figure 2 Akt phosphorylation and p65 nuclear translocatoin in the lu
6 h after intraperitoneal injection of 500 μg LPS in the absence or pre
As shown in the Figure 4, 500-μg LPS injections in the
C57BL/6 mice significantly induced the expression of
IL-1β at 3 and 6 h as well as IL-2 at 3 h in the serum
post-treatment. LY294002 administration did not signifi-
cantly change the expression of IL-1β and IL-2 in the
serum of C57BL/6 mice 3 and 6 h after injection of
500 μg LPS. In contrast, injection of 500 μg LPS in the
Tlr4−/− mice resulted in a significantly lower induction
of IL-1β expression at 3 and 6 h as well as decreased IL-2
levels 3 h post-treatment, as compared to that in C57BL/6
mice. LY294002 administration significantly increased the
expression of IL-1β and IL-2 in the serum of Tlr4−/− mice
3 and 6 h after injection of 500 μg LPS. However, in the
Tlr4−/− mice, the increase in serum IL-1β following PI3K
ng, liver, and spleen tissues of C57BL/6 and Tlr4−/− mice at 3 and
sence of LY294002 injected 1 h prior in quadruplicate.



Figure 3 Expression of superoxide. O2
− level detected by electron paramagnetic resonance (EPR) spin trapping spectroscopy in the lung, liver,

and spleen tissues of the (A) C57BL/6 or (B) Tlr4−/− mice at 3 and 6 h after intraperitoneal injection of 500 μg LPS in the absence or presence of
LY294002 injected 1 h prior. Bars represent mean ± SEM values from 6 experiments; *P < 0.05, **P < 0.01 vs. control.
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pathway inhibition and LPS stimulation was not as high as
that in similarly treated C57BL/6 mice. The increase in
serum IL-2 levels in Tlr4−/− mice receiving LY294002 was
also not as high as that in C57BL/6 mice 3 h post-LPS
treatment. However, at 6 h post-treatment, the serum IL-2
levels in Tlr4−/− mice receiving LY294002 with LPS
stimulation were significantly higher than that in C57BL/6
mice under the same treatment conditions.

Discussion
In this study, we demonstrate that the innate resistance to
LPS toxicity in Tlr4−/− mice is reduced by inhibition of the
PI3K pathway, with a subsequent increase in mortality
and production of tissue superoxide and inflammatory cy-
tokines. There were many evidences that the the PI3K
pathway served as up- and down-stream relationship to
the TLR4 signaling pathway [4-9]. However, there were
some reports describing a parallel function of PI3K path-
way to balance the effect of TLR4 activation [18-20]. In
this study, LPS injection induced no NF-κB activation but
an increased Akt phosphorylation in the lung and liver of
the Tlr4−/− mice, when compared to that of the C57BL/6
mice, implying there is an important role of PI3K pathway
in mediating the inflammatory response in the TLR4-null
condition. These results also suggest that, following LPS
stimulation, there may be an alternative pathway for the



Figure 4 Cytokine expression. Levels of IL-1β and IL-2 in the serum of C57BL/6 or Tlr4−/− mice at 3 and 6 h after intraperitoneal injection of
500 μg LPS in the absence or presence of LY294002 injection 1 h prior. CTL: control. Bars represent mean ± SEM values of 6 experiments;
*P < 0.05, **P < 0.01 vs. control.
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activation of PI3K that is independent of the TLR4/
MyD88 axis, and that this PI3K pathway upon activation
exerts anti-inflammatory effects under TLR4-null condi-
tions. Previously, it has also been demonstrated that inhib-
ition of PI3K activity increases LPS-induced interferon β
(IFN-β) synthesis [31,32]. In contrast, the LPS-induced
phosphorylation of Akt is markedly diminished in macro-
phages from IFN-β−/− mice [33]. However, relatively little
is known regarding the contribution of the MyD88-
independent pathway to PI3K activation.
TLR4 activates immune responses by sensing not only

microbial structures such as bacterial LPS but also some
endogenous “danger” molecules released by damaged host
cells [34,35]. Inflammatory responses induced by sterile
stimuli are very similar to responses during infection, and
are mediated by common receptors and pathways [36,37].
Multiple studies using TLR−/− animals or targeted gene si-
lencing of Tlr4 have shown that both inflammation and
injury responses like those in ischaemia/reperfusion (I/R)
are partially TLR4-dependent [14,38-40]. Similarly, there
is a balance between the TLR/NF-κB and PI3K/Akt signal-
ing pathways in mediating the inflammation and injury
response during sterile inflammation. For example, activa-
tion of the PI3K/Akt signaling pathway has been reported
to be associated with decreased myocardial ischemic in-
jury through the modulation of TLR4-mediated signaling
[41]. The ability of LPS pre-treatment to induce cardio-
protection following ischemia/reperfusion is mediated
through a PI3K/Akt-dependent mechanism [12]. Pharma-
cological inhibition of PI3K with LY294002 abrogated the
protective effect of LPS pre-treatment in myocardial I/R
injury [12].
In a study of time courses expression of inflammatory

mediators, including IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-9, IL-12(p40), IL-13, Eotaxin (CCL11), G-CSF,
GM-CSF, IFN-γ, KC (CXCL1), MCP-1 (CCL2), MIP-1α,
(CCL3), MIP-1β (CCL4), RANTES (CCL5) and TNF-α,
of C57BL/6 mice receiving intraperitoneal injection of
LPS [42], significant inductions of all mediators were
found, with most mediators reached their maximum
around 6–12 h. Interesting, there was a rapid fall follow-
ing only 1 h rapid surge of TNFα. In addition, although
there was extraordinary high amounts of IL-6, which was
deemed as prototypical cytokine for endotoxemia and sep-
sis studies, around 3–12 h, there was no statistically sig-
nificant change at 24 h. In this study, we chosed IL-1β and
IL-2 as representive cytokines for measurement and re-
vealed that the administration of LY294002 prior to LPS
injection significantly increased the serum expression of
IL-1β and IL-2 in Tlr4−/− mice 3 and 6 h after injection of
500 μg LPS. These data are consistent with a report that
inhibition of PI3K in vivo resulted in significant increases
in circulating IL-1β, IL-2, IL-6, IL-10, IL-12, and TNF-α
during polymicrobial sepsis [20] as well as in vitro studies
[6] demonstrating the inhibitory effect of the PI3K/Akt
pathway on release of these cytokines. Notably, in the ab-
sence of LPS stimulation, inhibitors of Akt or PI3K had no
discernible effect on pro- or anti-inflammatory cytokine
production as compared to untreated controls [43]. Our
results demonstrated that, in the Tlr4−/− mice, the in-
crease in serum IL-1β and IL-2 levels 3 h after LPS treat-
ment and a concurrent inhibition of the PI3K pathway
was still not as high as the corresponding increase in
serum cytokine levels in C57BL/6 mice. In addition, at
6 h, the level of IL-2 in Tlr4−/− mice receiving LY294002
was significantly higher than that in the serum of the
C57BL/6 mice after LPS treatment. The significance and
mechanism of this differential regulation of in vivo cyto-
kine expression after PI3K inhibition in the Tlr4−/− mice is
not clear. However, it should also be noted that the precise
role of circulating cytokines in the pathophysiology of sep-
sis/septic shock is still controversial [44], and there is no
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definitive cause-and-effect relationship between systemic
cytokine levels and survival outcome in sepsis [44].

Conclusion
In this study, we demonstrate that innate resistance to
LPS toxicity in Tlr4−/− mice is impaired by inhibition of
the PI3K pathway, with a corresponding increase in
mortality and production of tissue O2

− and inflamma-
tory cytokines.
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This aim of this study was to explore the role of miRNA-146a
(miR-146a) and its target genes in endothelial cells. We demon-
strated that lipopolysaccharide (LPS) induced the upregulation of
miR-146a in human umbilical vein endothelial cells (HUVECs),
and that the induction was blocked by silencing toll-like receptors,
the adaptor molecule MyD88, and the nonspecific NF-�B inhibitor
BAY 11-7082. In addition, knockdown of miR-146a by transfec-
tion of the locked nucleic acid antimiR-146a significantly inhibited
LPS-induced cell migration and tube formation. A combined anal-
ysis of bioinformatics miRanda algorithms and a whole genome
expression microarray of immunoprecipitated Ago2 ribonucleo-
protein complexes identified 14 potential target genes. Subsequent
transfection with the miR-146a precursor pre-miR-146a into HU-
VECs validated that CARD10 was the target gene of the miR-146a,
both at the mRNA and protein levels. Silencing CARD10 inhib-
ited p65 nuclear translocation in the cells receiving LPS stimula-
tion and increased angiogenesis. Therefore, miR-146a may play a
role in regulating the angiogenesis in HUVECs by downregulating
CARD10, which acts in a negative feedback regulation loop to in-
hibit the activation of NF-�B that normally impairs angiogenesis.

Key Words: lipopolysaccharide (LPS); miR-146a; whole
genome microarray; Ago2; CARD10; nuclear factor-�B (NF-�B).

Treating endothelial cells with lipopolysaccharide (LPS) re-
sults in endothelial activation and the expression of a variety
of pro-inflammatory, pro-coagulant, and cytoprotective genes
(Dauphinee and Karsan, 2006) via a receptor complex consist-
ing of toll-like receptor 4 (TLR4), CD14, and myeloid differ-
entiation protein 2. The activation of TLR4 leads to the stim-
ulation of both myeloid differentiation factor (MyD88) depen-
dent and independent pathways (Takeda and Akira, 2004). The
recruitment of the adaptor protein MyD88 initiates a MyD88-
dependent pathway with downstream activation of nuclear
factor-�B (NF-�B), mitogen-activated protein kinase (MAPK),
and phosphatidylinositol 3-kinase (PI3K)/Akt to regulate the

balance between cellular viability and inflammation (Dauphi-
nee and Karsan, 2006).

MicroRNAs (miRNAs) are ∼22-nt-long small regulatory
RNA molecules that modulate the activity of specific mRNA
targets, and play important roles in a wide range of physiological
and pathological processes (Kloosterman and Plasterk, 2006;
Stefani and Slack, 2008). miR-146a was originally discovered
during a systematic study to identify miRNAs that play a poten-
tially important role in the innate immune response to micro-
bial infection (Taganov et al., 2006). It is induced in response
to LPS-induced TLR-4 activation in human umbilical vein en-
dothelial cells (HUVECs) (Angel-Morales et al., 2012), the hu-
man monocyte THP-1 cell line (Honda et al., 2012; Taganov
et al., 2006), and human gingival fibroblasts (Xie et al., 2013).
Transcriptional studies have shown that TLR4-mediated miR-
146a expression is predominantly driven by NF-�B (Cameron
et al., 2008; Taganov et al., 2006). Observations that the expres-
sion of IRAK1, TRAF6 (Bhaumik et al., 2008; Hou et al., 2009;
Huang et al., 2012; Jazdzewski et al., 2008; Perry et al., 2008;
Taganov et al., 2006), and IRAK2 (Hou et al., 2009) is down-
regulated, and the release of the IL-1�-induced chemokines
IL-8 and RANTES (Perry et al., 2008) is inhibited following
miRNA-146a overexpression, also led to the hypothesis that
miR-146a expression is part of a negative feedback loop that in-
hibits NF-�B activation (Bhaumik et al., 2008; McMillan et al.,
2013; Perry et al., 2008). In addition, the overexpression of
miR-146a reduced the expression of genes such as IL-8, IL-
23A, CCL5, CSF-1, and PDGFB that increase cell proliferation,
adhesion, and angiogenesis (Perry et al., 2008).

There is now increasing evidence to suggest that miR-146a is
involved in the regulation of the innate immune response (Chan
et al., 2013; Iyer et al., 2012; Montagner et al., 2013; Saba et al.,
2012). However, little is known about its target genes, and its
role on angiogenesis in endothelial cells. The aim of this study
was therefore to assess the effect of LPS-induced miR-146a on
angiogenesis in HUVECs, and to identify target genes using

C© The Author 2014. Published by Oxford University Press on behalf of the Society of Toxicology.
All rights reserved. For permissions, please email: journals.permissions@oup.com
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a combined approach of computational prediction and whole
genome microarrays of immunoprecipitated Ago2 ribonucleo-
protein complexes.

MATERIALS AND METHODS

Culture of HUVECs. HUVECs were obtained from the
Bioresource Collection and Research Center, Taiwan, and cul-
tured in Medium 199 supplemented with 50 U/ml penicillin (In-
vitrogen, San Diego, CA), 50 U/ml streptomycin (Invitrogen),
and 50 ml endothelial cell growth supplement (Upstate, Temec-
ula, CA), adjusted to contain 2.2 g/l sodium bicarbonate and
10% fetal bovine serum (FBS) (Gibco, Grand Island, NY). Cells
were incubated at 37◦C in a humidified atmosphere containing
5% CO2. HUVECs were seeded onto 6-cm or 10-cm dishes for
treatment with LPS (L3755; Sigma, St Louis, MO) in subse-
quent experiments. All groups of experiments were performed
in sextuplicate, unless otherwise indicated. Importantly, all data
analyses were blinded.

RNA and miRNA isolation and preparation. Total RNA was
extracted using Trizol Reagent (Invitrogen), followed by an
RNeasy Mini Kit (Qiagen, Germantown, MD). The quantity of
purified RNA was evaluated by measuring the absorbance at
260 nm using the SSP-3000 Nanodrop spectrophotometer (In-
finigen Biotechnology, Inc., City of Industry, CA), and qualified
using a Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA). The miR-146a cDNA (10 ng) was obtained using a Taq-
Man miRNA Reverse Transcription Kit (Applied Biosystems,
Carlsbad, CA), where miRNA was reverse transcribed into only
hsa-miR-146a using sequence-specific stem-loop primers for
quantitative real-time polymerase chain reaction (qRT-PCR) re-
actions.

Inhibition of MyD88/NF-�B and CARD10. For RNA
interference studies, a silencer siRNA duplex targeting the
mRNA sequences of human MyD88 (siRNA-MyD88-823) and
of human CARD10 (siRNA-CARD10-s26577) as well as the
control siRNA duplexes (siRNA-scramble) were purchased
from Applied Biosystems. For siRNA transfections, 1 × 106

cells were seeded into 10-cm dishes with complete medium at
∼50% confluence the day before transfection. Lipofectamine
RNAiMAX (Invitrogen, Carlsbad, CA) was diluted with
Opti-MEM at a 1:50 ratio. Diluted siRNA and reagent were
mixed gently, and incubated for 20 min at room temperature to
allow siRNA–Lipofectamine RNAiMAX complexes to form.
Five-hundred microliters of complex was then added to wells
containing cells in M199 medium. Cells were incubated at
37◦C in a 5% CO2 incubator for 24 h. The media containing
the complexes were then removed, and replaced with complete
medium with or without 1 �g/ml LPS. The mRNA and
protein expression of MyD88 were assessed 12 and 24 h later,
respectively. PCR primers were designed with the following

sequences: MyD88 F, 5′-GCATCACCACACTTGATGACC-
3′ and R, 5′-CGATGAGCTCACTAGCAATAGAC-3′;
CARD10 F, 5′-CCTGCTGGACATCCTAGAGC-3’ and
R, 5’-TGGTCTCGCTCCTTCTCAAT-3′; and GAPDH
F, 5′-CTCTCTGCTCCTCCTGTTCGAC-3′ and R, 5′-
TGAGCGATGTGGCTCGGCT-3′. To assess the effect of
inhibiting NF-�B activity on the induction of miR-146a, the
expression of miR-146a in HUVECs exposed to 1 �g/ml LPS
for 24 h was measured after treatment with 3–30 �M NF-�B
inhibitor BAY 11-7082 for 1 h.

Knockdown of miR-146a. The expression of miR-146a was
knocked down by treating cells with locked nucleic acid (LNA)
antimiR-146a (Exiqon, Vedbaek, Denmark), whereas control
cells were treated with LNA-control (Exiqon). The LNA-
antimiR-146a molecules were synthesized as unconjugated and
phosphorothioated mixed LNA/DNA oligonucleotides specific
for knocking down hsa-miR-146a. LNA-control was designed
with mismatched oligonucleotides for the seed region of known
miRNAs to eliminate the interference during silencing. HU-
VECs were seeded at a density of 1 × 106 cells in 6-cm plates,
treated with 1–25 nM LNA-antimiR-146a and LNA-control for
24 h, and the levels of miR-146a were measured using qRT-PCR
to define the effective concentrations. An additional experiment
using LNA-antimiR-146a was designed to evaluate the effect of
miR-146a knockdown on cell viability, migration, and tube for-
mation in HUVECs, as well as to identify target genes using a
combined approach involving computational prediction and a
whole genome microarray, as described below.

Overexpression of miR-146a. To overexpress the miR-
146a, HUVECs were transfected with pre-miR-146a precur-
sor molecules (PM10722, Applied Biosystems) or the nega-
tive control oligonucleotides (pre-miR-control, Applied Biosys-
tems) using the Lipofectamine RNAiMAX (Invitrogen) follow-
ing the manufacturer’s instructions. The effective concentra-
tions of pre-miR-146a and pre-miR-control were determined
from the concentration range of 10–50 nM for 24 h. The levels
of miR-146a were then measured by qRT-PCR. Experiments us-
ing transfection of miR-146a precursors were designed to eval-
uate the effect of miR-146a overexpression on the expression
of potential target genes identified from a combined approach
of computational prediction and whole genome microarray of
immunoprecipitated Ago2 ribonucleoprotein complexes.

Quantification of miR-146a expression. The expression of
miR-146a was quantified by qRT-PCR, and compared with the
expression of U6 small nuclear RNA (“U6 snRNA”) as an in-
ternal control, using an Applied Biosystems 7500 Real-Time
PCR System (Life Technologies). The induction was expressed
as fold change in miRNA expression relative to control. Inter-
group comparison was performed using analysis of variance
(ANOVA) and an appropriate post-hoc test for multiple com-
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parisons (SigmaStat, Jandel, CA). p values < 0.05 were consid-
ered to be statistically significant.

Ribonucleoprotein immunoprecipitation. RIP-ChIP (im-
munoprecipitation of RNA-induced silencing complexes with
an Ago2-specific monoclonal antibody, followed by RNA
extraction and quantification of mRNAs on microarrays)
was used to identify the mRNAs that are associated with the
RNA-silencing machinery, and are therefore targets of cellular
miRNAs. Briefly, 100-�g total protein was diluted in 200
�l PBS (pH 7.4). For each sample, 25 �l protein A/G-plus
agarose (Santa Cruz, Dallas, TX) was washed with PBS and
incubated with 2 �g rabbit anti-Ago2 (Abcam, Cambridge,
MA) or normal rabbit IgG (Santa Cruz) antibody for 2 h at 4◦C.
The beads containing the immobilized antibodies were then
added to 400 �l of diluted protein sample, and incubated for
4 h at 4◦C. The beads were washed three times with 1% NT-2
buffer (1% Nonidet P-40, 50 mM Tris-HCl, pH 7.4, 150 mM
NaCl, and 2 mM EDTA), and the mixture was divided in two.
Each sample was eluted in 600 �l of lysis/binding buffer for
total RNA extraction and the subsequent whole genome array.

Microarray analyses. Microarrays were carried out with the
total RNA samples from Ago2 immunoprecipitates from HU-
VECs with or without treatment with 1 �g/ml LPS for 24 h
in the presence or absence of miR-146a knockdown by LNA-
antimiR-146a or LNA-control. All procedures were carried out
following the manufacturer’s instructions. Briefly, 0.5 �g of
total RNA was amplified using a Fluorescent Linear Amplifi-
cation Kit (Agilent Technologies) and labeled with Cy3-CTP
or Cy5-CTP (PerkinElmer, Waltham, MA) during in vitro tran-
scription. RNAs from the experimental and control groups were
labeled with Cy5 and Cy3, respectively. A total of 0.825 �g
of Cy-labeled RNA was fragmented to an average size of 50–
100 nucleotides by incubation in fragmentation buffer (Agilent
Technologies) at 60◦C for 30 min. The fragmented labeled RNA
was then pooled and hybridized to an Agilent Whole Human
Genome 4 × 44k oligo microarray (Agilent Technologies) at
60◦C for 17 h. After washing and drying using a nitrogen gun,
microarrays were scanned using an Agilent microarray scan-
ner (Agilent Technologies) at 535 nm for Cy3, and 625 nm for
Cy5. Scanned images were analyzed using Feature extraction
software 9.5.3 (Agilent Technologies), and image analysis and
normalization software were then used to quantify the signal
and background intensity for each feature. Data were normal-
ized using the rank-consistency-filtering LOWESS method. All
microarray data have been deposited into the Gene Expression
Omnibus with the accession number GSE50619.

A combined approach to identify the potential target genes of
miR-146a. The potential target genes of miR-146a were iden-
tified by combined analysis of the whole genome expression
microarray data from the immunoprecipitated Ago2 ribonucle-
oprotein complex, and the web tool for bioinformatics miRanda

algorithms (http://www.microrna.org). Genes that were upreg-
ulated twofold in the Ago2 ribonucleoprotein complex after
treatment with LPS (compared with control), but were not up-
regulated after miR-146a knockdown (compared with LNA-
control), were identified from the microarray data. In addition,
miRanda algorithms were used to search for hsa-miR-146a tar-
gets. The overlap between the lists of mRNA transcripts from
the microarray data and miRanda algorithms formed the poten-
tial genes regulated by miR-146a.

Detection of identified potential target genes expression. The
expression of potential target genes was quantified in cells over-
expressing miR-146a precursor or control using qRT-PCR, and
the expression was compared with GAPDH as an internal con-
trol. The primers used for each gene are listed in Table 1. Data
were presented as the fold change in mRNA expression com-
pared with control. Intergroup comparisons were performed us-
ing ANOVA and an appropriate post-hoc test to compensate for
multiple comparisons (SigmaStat). p values < 0.05 were con-
sidered significant.

Western blotting. Protein extracts were separated on 10%
SDS-polyacrylamide gels, and transferred to nitrocellulose
membranes. Membranes were blocked using nonfat milk in
Tween-20/Tris-buffered saline (TBST), and incubated with
monoclonal rabbit anti-MyD88, anti-CARD10, or human anti-
�-actin antibodies (Cell Signalling, Beverly, MA), followed by
goat anti-rabbit horseradish peroxidase-conjugated secondary
antibodies. In the presence or absence of transfection of 5–50
nM siRNA-CARD10 or siRNA-scramble for 24 h, the presence
of p65 in the nucleus of the HUVECs was detected by West-
ern blotting analysis with monoclonal rabbit anti-p65 antibody
(Cell Signalling). The expression of target proteins was assessed
using a FluorChem 8900 imaging system (Alpha Innotech, San
Leandro, CA), and the intensity of each band was quantified
using auto-background subtraction during spot density analysis
using the AlphaEaseFC software (Alpha Innotech).

Detection of cell viability and apoptosis. Briefly, 1 × 106

HUVECs were grown in medium 199 supplemented with 10%
FBS in 96-well flat-bottomed plates overnight. Cells pre-treated
with 25nM LNA-antimiR-146a or LNA-control for 24 h were
then exposed to 1 �g/ml LPS for 24 h, and washed with 10%
FBS-supplemented medium 199. Approximately 1× 104 cells
were then used for the subsequent cell viability assay. At the
end of 1–3 days incubation, cell viability was determined by
adding 100 �l of CellTiter-Glo luminescent reagent (Promega,
Madison, WI) which produces light in direct proportion to the
amount of ATP and viable cells present. The plate was then
mixed for 2 min on an orbital shaker at 400 rpm and incubated
at room temperature for a further 10 min, followed by lumi-
nescence recording on the GloMax-96 Microplate Luminome-
ter (Promega). The presence of apoptotic cells was assessed by
determining caspase activation using a Caspase-Glo 3/7 lumi-
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TABLE 1
Potential miR-146a Target Genes Identified by the Combined Analysis of miRanda Algorithms and Whole Genome Expression

Microarrays in HUVEC Cells Treated with 1 �g/ml LPS for 24 h

Gene name NCBI reference sequence Description Forward primer Reverse primer

ier5l NM 203434.1 Immediate early response 5-like GAGCCTGATCAGCATCTCCC
GAGAAGCCGGAGCCAAAGAT

kif22 NM 001256270.1 Kinesin family member 22 CCAAGGAGGGAGTGGAATG
TCCAATCTTGCTTAGCCGAC

hdac7a AY321367.1 Histone deacetylase 7 TATCCCAGGGAGCGTGAGAA
TGGGGTGGGAATCAGAGCTA

btg2 U72649.1 BTG family, member 2 AGGGGGTAGACCTAGCCAAG
CCCCAATAACCTCCAGTTCCC

vwce NM 152718.2 von Willebrand factor C and EGF
domains

TGGATGATGAACCCTGCACC
GCCGGGCTTGTAGGTAAAGT

nfix NM 001271044.1 Nuclear factor I/X
(CCAAT-binding transcription
factor)

GCCGGGTGCTTCAGATCAAT
TACTCTCACCAGCTCCGTCA

zdhhc12 NM 032799.4 Zinc finger, DHHC domain
containing 12

TCTTTGTGGTCTACCTGGCG
TTCAGGCACAAGACGGTAGC

mettl7a NM 014033.3 Methyltransferase like 7A TCGACTGCTGCCAAACATCT
GGGGTTGGGGTCAATACAGG

tspan14 NM 001128309.1 Tetraspanin 14 TCTTCTGGAACCAGTGCTGTG
TTTGGGCAGGTAACAAGGGG

mvd NM 002461.1 Mevalonate (diphospho)
decarboxylase

ATGCCGTGATCTTCACCCTG
CTGCCAGTTCTCATACCCCC

rad54l HF583724.1 RAD54-like CACCCCCTGATGGTTCTGAC
TGAGAACGCTGGTGGAAGAC

card10 NM 014550.3 Caspase recruitment domain family,
member 10

GGTCTCTGGCTATTCGGGTG
AATGTAGAAGGGCTCGGCAC

tff3 NM 003226.3 Trefoil factor 3 CTGTGCAAACAACGGTGCAT
CGAAGAACTGTCCTCGGGTG

zdhhc13 NM 001001483.2 Zinc finger, DHHC-type containing
13

GGCTCGCAGATACGGAATTT
AATCCAGTTGGTTCTGGCCC

nescence assay kit (Promega). After incubation for 1–3 days,
an equal volume of Caspase-Glo reagent was added. The plates
were shaken at 500 rpm for 30 s, incubated for 1 h, and mea-
sured for luminescent output (relative light units, RLU) using
the GloMax-96 Microplate Luminometer.

Cell migration assay. Cell migration assays were performed
using a trans-well system (Corning Costar, Milpitas, CA), which
allows cells to migrate through an 8-�m pore sized polycarbon-
ate membrane. Briefly, cells (5 × 105 cells/200 �l) were trans-
fected with 1–25nM LNA-antimiR-146a or LNA-control for 24
h, and treated with or without 1 �g/ml LPS for 24 h. Additional
1 × 106 cells were transfected with 50 nM siRNA-CARD10
or siRNA-scramble for 24 h to measure the silencing effect of
CARD10 on cell migration in the presence or absence of follow-
ing exposure to 1 �g/ml LPS for 24 h. They were then labeled
with 1 �g/ml calcein-AM, washed, and seeded into the upper
chamber containing a filter, which was filled with DMEM con-
taining 0.5% FBS. The lower chamber was filled with DMEM
containing 10% FBS, and the cells were incubated at 37◦C for
6 h in 5% CO2. After 24 h, cells that were adhered to the mem-
brane were removed using a cell scraper. Non-adherent cells
were then washed, and adherent cells were quantified by mea-

suring the fluorescence intensity in the wells using a fluorometer
(Ex/Em = 485/520 nm).

Tube formation assay. HUVECs were seeded into a 96-well
plate coated with 50 �l Corning Matrigel (Corning Costar) per
well in the presence of 1–25nM LNA-antimiR-146a or LNA-
control for 24 h, and were then treated with 1 �g/ml LPS.
Additional 1 × 106 cells were transfected with 50nM siRNA-
CARD10 or siRNA-scramble for 24 h to measure the silencing
effect of CARD10 on tube formation in the presence or absence
of following exposure to 1 �g/ml LPS for 24 h. Tube formation
was then quantified at 6 h by counting the tube-like structures in
five randomly selected fields under an inverted phase contrast
microscope (Olympus, IX71, Japan) at 40× magnification. Six
independent experiments were performed, and the data are pre-
sented as the total number of tubes formed in each experiment.

RESULTS

LPS-Induced miR-146a Expression via MyD88/ NF-�B
Pathway

An approximate fivefold increase in the expression of miR-
146a was observed in response to treatment with 1–30 �g/ml
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FIG. 1. Expression of miR-146a in HUVECs after treatment with LPS. (A) Expression of miR-146a after treatment with 1–30 �g/ml LPS for 8 h. (B)
Expression of miR-146a after treatment with 1 �g/ml LPS for 72 h. Bars represent mean ± SEM of six independent experiments; **p < 0.01 versus control.

FIG. 2. LPS-induced expression of miR-146a in HUVECs requires the MyD88/NF-�B pathway. (A) The mRNA and protein expression of MyD88 after
transfection with 50nM siRNA-MyD88 or control siRNA-scramble in the presence or absence of 1 �g/ml LPS for 24 h. (B). Expression of miR-146a by 1 �g/ml
LPS for 24 h after knockdown of MyD88 using 50nM siRNA-MyD88 or siRNA-scramble control. Bars represent mean ± SEM of six independent experiments;
**p < 0.01 versus LPS treatment alone. (C) Expression of miR-146a by 1 �g/ml LPS for 24 h after treatment with 3–30�M NF-�B inhibitor BAY 11-7082 for 1
h. Bars represent mean ± SEM of six independent experiments; *p < 0.05, **p < 0.01 versus LPS treatment alone.

LPS for 8 h (Fig. 1A). Treatment with 1 �g/ml LPS resulted
in significant induction of miR-146a by 8 h, with 18-fold and
30-fold increases at 24 h and 48 h, respectively, and the effects
were maintained for at least 72 h (Fig. 1B). Silencing MyD88 in
HUVECs by transfection with 50 nM siRNA-MyD88, but not
control, was confirmed at the mRNA and protein levels (Fig.
2A). Knockdown of MyD88 reduced 80% of the upregulated
miR-146a in cells treated with LPS. In contrast, transfection
with control siRNA had no effect on LPS-induced miR-146a
upregulation (Fig. 2B). Treatment with the nonspecific NF-�B
inhibitor BAY 11-7082 prior to LPS treatment also reduced the
expression of miR-146a in a dose-dependent manner (Fig. 2C).

Knockdown of miR-146a Did Not Interfere the Viability and
Apoptosis of HUVECs Exposed to LPS

After transfection of HUVECs with LNA-antimiR-146a or
LNA-control and subsequent incubation with LPS for 24 h,
qRT-PCR analysis revealed dose-dependent specific silencing
of miR-146a by 5 or 25nM LNA-antimiR-146a, but not LNA-
control (Fig. 3). A cell free CellTiter-Glo assay revealed that the
percentage of viable cells increased in a time-dependent man-
ner by around 1.5-fold, 2.0-fold, and 2.5-fold at 24, 48, and
72 h, respectively, in the cells treated with medium alone. The
cell viability was not significantly changed by treatment with 1
�g/ml LPS (Fig. 4A). In addition, transfection with either LNA-
antimiR-146a or LNA-control for 24 h did not change the num-
ber of viable cells at 24, 48, and 72 h in cells exposed to LPS
(Fig. 4A). Furthermore, in cells cultured with medium alone, no
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FIG. 3. Knockdown of miR-146a in HUVECs treated with LPS. The expression of LPS-induced miR-146a was assessed after transfection with either 1–25nM
LNA-antimiR-146a or LNA-control for 24 h using RNAiMAX. Bars represent mean ± SEM of six independent experiments; *p < 0.05, **p < 0.01 versus LPS
+ RNAiMAX.

significant change of the caspase-3/7 activity was found at 24 or
48 h, but an obvious 10% increase in caspase-3/7 activity was
found at 72 h (Fig. 4B). Upon 1 �g/ml LPS treatment, around
20–25% increase in caspase-3/7 activity was found at 24–72 h.
However, transfection with LNA-antimiR-146a or LNA-control
did not change the caspase-3/7 activity of HUVECs receiving
LPS treatment at 24, 48, or 72 h. (Fig. 4B)

Knockdown of miR-146a Decreased LPS-Induced
Angiogenesis

Transfection with LNA-antimiR-146a or LNA-control with-
out LPS treatment did not significantly affect the number of
migrated cells (Fig. 4C). However, in cells treated with LPS,
knockdown of miR-146a by transfection with LNA-antimiR-
146a significantly reduced LPS-induced cell migration (Fig.
4C). Knockdown of miR-146a, but not treatment with control
siRNA, also reduced LPS-induced migration by ∼70%. Im-
portantly, transfection with LNA-antimiR-146a or LNA-control

did not affect tube formation in the absence of LPS (Fig. 4D).
However, knockdown of miR-146a, but not treatment with con-
trol siRNA, significantly decreased LPS-induced tube forma-
tion by 60% (Fig. 4D).

Identification of Potential miR-146a Target Genes

After transfection of HUVECs with LNA-antimiR-146a or
LNA-control and subsequent incubation with LPS, total RNA
samples from Ago2 immunoprecipitates were analyzed using
a human whole genome array. The possible targets of the up-
regulated miRNAs were identified by combined analysis of mi-
Randa algorithms, and the whole genome expression microarray
experiments. Data were compared with two groups (LPS treat-
ment vs. control, and LNA-antimiR-146a transfection with LPS
treatment vs. LNA-control transfection with LPS treatment),
and 14 transcripts (ier5l, kif22, hdac7a, btg2, vwce, nfix, zd-
hhc12, mettl7a, tspan14, mvd, rad54l, card10, tff3, zdhhc13)
were identified as potential target genes of miR-146a (Table 1).
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FIG. 4. The effect of miR-146a on HUVECs. (A) An ATP-based detection assay was used to assess cell viability at 24–72 h after treatment with 1 �g/ml
LPS in the presence of 25nM LNA-antimiR-146a or LNA-control for 24 h. (B) Cellular apoptosis was assessed by the activities of cellular caspase-3/7 at 24 to 72
h after treatment with 1 �g/ml LPS in the presence of 25nM LNA-antimiR-146a or LNA-control for 24 h. (C) The number of cells migrated through a trans-well
8-�m pore sized polycarbonate membrane after treatment with 1 �g/ml LPS in the presence of 1–25 nM LNA-antimiR-146a or LNA-control for 24 h. (D) Tube
formation in cells treated with 1 �g/ml LPS treatment in the presence of 1–25 nM LNA-antimiR-146a or LNA-control for 24 h. Bars represent mean ± SEM of
six independent experiments; *p < 0.05, **p < 0.01 versus medium alone (viability and apoptosis) or LPS treatment alone (cell migration and tube formation).

Validation of CARD10 as the Target Gene by Transfection with
miR-146a Precursor

To validate the target genes, miR-146a precursor was trans-
fected into HUVECs to overexpress miR-146a and investigate
its effect on the potential target genes. Cells were transfected
with pre-miR-146a or pre-miR-control, and qRT-PCR analysis
was used to demonstrate the overexpression of miR-146a by 5-,
15-, and 18-fold by transfection with 10, 25, and 50nM pre-miR-
146a, respectively (Fig. 5A). Transfection with pre-miR-control
had no effect on miR-146a expression. HUVECs were trans-
fected with pre-miR-146a or pre-miR-control, and total RNA
was harvested and analyzed by qRT-PCR for the expression
of the 14 potential target genes compared with cells treated
with media alone. The expression of only one gene, caspase-
recruitment domain 10 (card10), was reduced in cells treated
with pre-miR-146a but not control, suggesting that card10 is a
target gene of miR-146a (Fig. 5B). These data were confirmed

by Western blotting, which revealed decreased protein levels of
CARD10 in cells transfected with pre-miR-146a, but not pre-
miR-control, compared with media alone (Fig. 5C).

Silencing CARD10 Inhibited p65 Nuclear Translocation and
Increased Angiogenesis

We found that treatment of 5–50 nM CARD10-specific
siRNA resulted in a significant decrease of CARD10 at the
mRNA and protein levels at 24 h later (Fig. 6A). In the cells
transfected with 50nM siRNA-CARD10, more than 97% of
mRNA and protein of CARD10 were reduced at 24 h later. In
contrast, transfection with 50nM siRNA-scramble had no ef-
fect on CARD10 expression. Silencing CARD10 by transfec-
tion with 5–50nM siRNA-CARD10, but not the control 50nM
siRNA-scramble, significantly reduced the translocated p65 in
the nucleus of HUVECs exposed to 1 �g/ml of LPS in a dose-
dependent manner at 24 h later (Fig. 6B). In addition, knock-
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FIG. 5. Expression of the identified target genes of miR-146a by transfection of miR-146a precursor into HUVECs. (A) The expression of miR-146a after
transfection with 10–50nM miR-146a precursor pre-miR-146a, or pre-miR-control for 24 h in the presence of transfection reagent RNAiMAX. Bars represent
mean ± SEM of six independent experiments; **p < 0.01 versus RNAiMAX alone. (B) The mRNA expression of 14 identified potential target genes of miR-146a
by qRT-PCR after transfection with 50 nM miR-146a precursor pre-miR-146a or pre-miR-control (Mock) for 24 h. Bars represent mean ± SEM of six independent
experiments; **p < 0.01 vs. control, which treated with only the culture medium. (C) Western blotting of CARD10 after the transfection of HUVECs with 50nM
pre-miR-146a or pre-miR-control for 24 h. Bars represent mean ± SEM of four independent experiments; **p < 0.01 versus control.

down of the CARD10 in HUVECs by 50nM siRNA-CARD10
significantly increased the number of migrated cells by 80% in
the HUVECs and 15% in the HUVECs exposed to 1 �g/ml
of LPS (Fig. 6C). In contrast, in cells transfected with 50nM
siRNA-scramble, no increase in cell migration was found. The
transfection with 50nM siRNA-CARD10, but not the siRNA-
scramble, significantly increased the tube formation by 45% in
the HUVECs and 15% in the HUVECs exposed to 1 �g/ml of
LPS (Fig. 6D).

DISCUSSION

In this study, we demonstrated that LPS induces the expres-
sion of miR-146a in HUVECs via the MyD88/NF-�B path-
way. Inhibiting the upregulation of miR-146a reduced LPS-
stimulated angiogenesis and migration. In addition, the com-
bined analyses of miRanda algorithms and whole genome ex-
pression microarrays of immunoprecipitated Ago2 ribonucle-

oprotein complexes, with subsequent validation by qRT-PCR,
revealed that the CARD10 is a target gene of miR-146a. In addi-
tion, silencing CARD10 inhibited p65 nuclear translocation in
the cells receiving LPS stimulation and increased angiogenesis.

CARD proteins play important roles in the regulation of sig-
naling cascades, the best described of which is caspase-induced
apoptosis (Hofmann et al., 1997). However, CARD proteins
also function as scaffolding molecules in other signaling path-
ways, including those that activate NF-�B and induce inflam-
matory responses (Blonska and Lin, 2011; Jiang and Lin, 2012;
Sun, 2010). The CARMA (CARD-associated and membrane-
associated guanylate kinase domain containing protein) family
contains three proteins (CARMA1, CARMA2, and CARMA3)
and plays an important role in the activation of NF-�B (Blon-
ska and Lin, 2011; Jiang and Lin, 2012; Sun, 2010). CARMA1,
-2, and -3 were initially identified based on their CARD do-
main using bioinformatics approaches, and named CARD11
(CARMA1), CARD14 (CARMA2 or Bimp2), and CARD10
(CARMA3, or Bimp1) (Jiang and Lin, 2012), respectively. A
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FIG. 6. Effect of CARD10 silencing on p65 nuclear translocation and angiogenesis. (A) Expression of mRNA and protein of CARD10 of HUVECs after
transfection with 5–50nM siRNA-CARD10 or 50nM siRNA-scramble. (B) Western blotting of the translocated p65 in the nucleus of HUVECs receiving trans-
fection with 5–50nM siRNA-CARD10 or 50nM siRNA-scramble for 24 h and exposed to 1 �g/ml of LPS at 24 h. (C) The number of cells migrated through a
trans-well 8-�m pore sized polycarbonate membrane after transfection with 50nM siRNA-CARD10 or siRNA-scramble for 24 h in the HUVECs with or without
following 1 �g/ml LPS exposure for 24 h. (D) Tube formation in cells after transfection with 50nM siRNA-CARD10 or siRNA-scramble for 24 h in the HUVECs
with or without following 1 �g/ml LPS exposure for 24 h. Bars represent mean ± SEM of six independent experiments. *p < 0.05 versus siRNA-scramble control;
**p < 0.01 versus siRNA-scramble control.

signaling complex now referred to as the CBM signalosome,
composed of a scaffolding protein (CARMA3), a linker protein
(Bcl10), and an effector protein (MALT1), mediates the activa-
tion of the IKK complex and the subsequent NF-�B activation
downstream of a small number of G-protein Coupled Receptors
(GPCRs) (Klemm et al., 2007; McAllister-Lucas et al., 2007;
Wang et al., 2007). CARMA3, Bcl10, and MALT1 are all also
essential for thrombin to effectively stimulate the canonical NF-
�B pathway in endothelial cells (Delekta et al., 2010). Although
CARMA3 is specifically required for GPCR-induced IKK (Gra-
biner et al., 2007), CARMA3 deficiency alters the polyubiqui-
tination of the IKK complex, but does not affect signal-induced

IKK phosphorylation (Grabiner et al., 2007). Disruption of the
CBM signalosome in endothelial cells has important pathophys-
iological consequences because it blocks the ability of thrombin
to induce expression of the adhesion molecules ICAM-1 and
VCAM-1, thus reducing the thrombin-dependent adhesion of
monocytes to endothelial cells (Delekta et al., 2010).

miR-146a-mediated downregulation of CARD10 at the
mRNA and the protein level was previously reported in gas-
tric cancer cells (Crone et al., 2012). In addition, a mixture
of siRNAs against CARD10 and other target genes of miR-
146a including photomorphogenic homolog subunit 8 (COPS8),
interleukin-1 receptor-associated kinase 1 (IRAK1), and tumor

 by C
hing-H

ua H
sieh on Septem

ber 5, 2014
http://toxsci.oxfordjournals.org/

D
ow

nloaded from
 

http://toxsci.oxfordjournals.org/


324 RAU ET AL.

FIG. 7. Illustration of the pathways related the miR-146a induced by LPS
and its target gene CARD10 to angiogenesis. LPS induces the expression of
miR-146a in HUVECs via the MyD88/NF-�B pathway. Upregulated miR-146a
decreases the expression of its target gene CARD10, which inhibits the NF-�B
activation upon LPS stimulation and regulates the angiogenesis process. There-
fore, miR-146a may regulate the NF-�B pathway through a negative feedback
loop involving the downregulation of CARD10.

necrosis factor receptor associated factor 6 (TRAF6) (Crone
et al., 2012; Grabiner et al., 2007; Sun and Yang, 2010)
resulted in miR-146a-mediated inhibition of NF-�B activity
(Perry et al., 2008). In addition, a combination of bioinformatic
analyses and experimental procedures have indicated that miR-
NAs frequently participate in feedback loops with transcrip-
tion factors to regulate their target genes (Gougelet and Col-
not, 2013; Taganov et al., 2006; Tsang et al., 2007; Yang et al.,
2013). The overexpression of miR-146a after exposure to pro-
inflammatory cytokines represses endothelial activation by in-
hibiting pro-inflammatory pathways (Cheng et al., 2013) and
contributes to the suppression of the inflammatory response in
LPS-induced acute lung injury (Zeng et al., 2013). In this study,
LPS induced miR-146a via the MyD88/NF-�B pathway, which
targeted CARD10, preventing CARD10-mediated activation of
the NF-�B pathway. NF-�B activation in endothelial cells has
been reported to block angiogenesis (Kisseleva et al., 2006). In
addition, the activity of many angiostatic proteins, including en-
dostatin (Abdollahi et al., 2004; Tabruyn et al., 2009), anginex
(Tabruyn et al., 2009), angiostatin (Tabruyn et al., 2009), the
16-kDa N-terminal fragment of human prolactin (Tabruyn et al.,
2003, 2007, 2009), Neovastat (Gingras et al., 2004), and platelet
factor-4 (Yu et al., 2005), is dependent on the activation of
NF-�B. miR-146a may therefore regulate the NF-�B pathway
through a negative feedback loop involving the downregulation
of CARD10. Decreased expression of CARD10 inhibited fur-

ther activation of NF-�B and resulted in increased angiogene-
sis. In this study, knockdown of the CARD10 by siRNA signif-
icantly increased the cell migration and tube formation in HU-
VECs and in HUVECs exposed to LPS. Notably, in the condi-
tion of CARD10 knockdown, the increase of cell migration and
tube formation is much less in the HUVECs treated with LPS
than those without LPS (15% vs. 80% and 15% vs. 45%, re-
spectively). This phenomenon may be explained by that, in the
condition of low CARD10 expression, LPS-induced miR-146a
would have less influence on angiogenesis by the CARD10
degradation. We had tried to illustrate the pathways relating the
miR-146a induced by LPS and its target gene CARD10 to an-
giogenesis in Figure 7.

One miRNA is expected to have many target genes. Addi-
tional target genes of miR-146a include IRAK1 (Taganov et al.,
2006), TRAF6 (Taganov et al., 2006; Wu et al., 2013), protein
kinase C epsilon (PKC�) (Zhang et al., 2013), WASP family
verprolin homologous protein 2 (WASF2), Rho-activated pro-
tein kinase (ROCK1) (Yao et al., 2013), superoxide dismutase
2 (SOD2) (Ji et al., 2013), Notch1 (He et al., 2013), STAT1
(Wang et al., 2013), prostaglandin E2 synthase-2 (PTGES-2)
(Matysiak et al., 2013), L1 cell adhesion molecule (L1CAM)
(Hou et al., 2012), and CARD10 (Crone et al., 2012). In this
study, the only one of these genes whose expression changed
in microarray experiment was CARD10. Of note, the combined
analysis of bioinformatics algorithm and a whole genome ex-
pression in this study did not identify the commonly predicted
miR-146a targets IRAK-1 and TRAF6, which can also par-
ticipate in feedback inhibition of NF-�B activation (Taganov
et al., 2006). Some authors reported that no change in IRAK-
1 and TRAF6 at the mRNA or protein levels was detected
after upregulation of miR-146a in cells treated with IL-1�
(Larner-Svensson et al., 2010) or phorbol 12-myristate 13-
acetate (PMA) (Hsieh et al., 2010).

However, this study has several limitations. It is known that
whole genome arrays only have limited sensitivity and speci-
ficity. In addition, the efficiency of miR-146a knockdown by
LNA-antimiR-146a, overexpression by precursor transfection,
and the recovery of transcripts after Ago2 immunoprecipitation
were all likely less than 100% (Arroyo et al., 2011). These fac-
tors may all interrupt the data acquisition in this study.

In summary, the study demonstrated that LPS induced miR-
146a via the MyD88/NF-�B pathway, which targets CARD10
and regulates angiogenesis in HUVECs through a possible neg-
ative feedback loop to inhibit the activation of NF-�B.
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Abstract

Background: We profiled the expression of circulating microRNAs (miRNAs) in mice using Illumina small RNA deep
sequencing in order to identify the miRNAs that may potentially be used as biomarkers to distinguish between
gram-negative and gram-positive bacterial infections.

Results: Recombinant-specific gram-negative pathogen Escherichia coli (Xen14) and gram-positive pathogen
Staphylococcus aureus (Xen29) were used to induce bacterial infection in mice at a concentration of 1 × 108

bacteria/100 μL of phosphate buffered saline (PBS). Small RNA libraries generated from the serum of mice after
exposure to PBS, Xen14, Xen29, and Xen14 + Xen29 via the routes of subcutaneous injection (I), cut wound (C), or
under grafted skin (S) were analyzed using an Illumina HiSeq2000 Sequencer. Following exposure to gram-negative
bacteria alone, no differentially expressed miRNA was found in the injection, cut, or skin graft models. Exposure to
mixed bacteria induced a similar expression pattern of the circulating miRNAs to that induced by gram-positive
bacterial infection. Upon gram-positive bacterial infection, 9 miRNAs (mir-193b-3p, mir-133a-1-3p, mir-133a-2-3p,
mir-133a-1-5p, mir-133b-3p, mir-434-3p, mir-127-3p, mir-676-3p, mir-215-5p) showed upregulation greater than
4-fold with a p-value < 0.01. Among them, mir-193b-3p, mir-133a-1-3p, and mir-133a-2-3p presented the most
common miRNA targets expressed in the mice exposed to gram-positive bacterial infection.

Conclusions: This study identified mir-193b-3p, mir-133a-1-3p, and mir-133a-2-3p as potential circulating miRNAs
for gram-positive bacterial infections.

Keywords: microRNAs (miRNAs), Circulating microRNAs, Gram-positive bacteria, Gram-negative bacteria, Small RNA
deep sequencing
Background
MicroRNAs (miRNAs) are small regulatory RNA molecules
that are approximately 22 nucleotides long, modulate the
activity of specific mRNA targets, and play important roles
in a wide range of physiologic and pathologic processes [1].
Differential expression of miRNAs may help distinguish
between disease states [2-4]. miRNAs are themselves active
moieties and should therefore reflect physiological alter-
ations directly, which makes them ideal biomarkers for
distinguishing between diseased and healthy subjects [5].
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Moreover, circulating miRNAs in the blood are remark-
ably stable [6] and biochemical analyses indicate that
miRNAs are resistant to ribonuclease (RNase) activity, ex-
treme pH and temperature, extended storage, and large
numbers of freeze-thaw cycles [7,8]. Circulating miRNAs,
which can be easily detected by non-invasive methods,
have proven to be potentially valuable biomarkers for a
variety of diseases [9,10].
Early diagnosis of potential bacterial infection has be-

come the key approach to dealing with the infection illness
and to timely correction of the associated complications.
Microbiological culture is the gold standard in distinguish-
ing sepsis from other non-infectious diseases, but this tech-
nique is always time-consuming and can delay treatment.
is is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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Circulating miRNAs have been reported to be associated
with sepsis [11,12] and various infection diseases, such as
viral exposure [13,14], tuberculosis [15], and parasites
[16,17]. A distinct circulating miRNA expression was also
found in mice exposed to lipopolysaccharide (LPS) origin-
ating in the wall of gram-negative bacteria, as well as to
lipoteichoic acid (LTA), a major component of gram-
positive bacterial walls [18,19]. In addition, increasing evi-
dence has suggested that circulating miRNAs also have
important biologic functions [20]. Recently, the Illumina
deep sequencing platform has been used for efficient
miRNA discovery, and it is widely used to generate small
RNA profiles in various organisms. In this study, we pro-
filed the expression of the circulating miRNAs in a mouse
model of gram-negative and/or gram-positive bacterial in-
fection using Illumina small RNA deep sequencing.

Methods
Experimental design
Male C57BL/6 mice (age, 10–12 weeks; weight, 30–35 g)
were purchased from BioLasco (Yi-Lan, Taiwan). The
mice were anesthetized by intraperitoneal injection of an
anesthetic cocktail consisting of 0.1 mg/g ketamine and
0.01 mg/g xylazine. The anesthetized mice were re-
strained in a supine position on a heated pad to main-
tain body temperature at 37°C. Recombinant-specific
gram-negative pathogen Escherichia coli (Xen14) and
gram-positive pathogen Staphylococcus aureus (Xen29)
purchased from Caliper (Caliper, USA) were used to in-
duce bacterial infection in the mice at a concentration of
1 × 108 bacteria/100 μL of phosphate buffered saline
(PBS). To create mixed gram-negative and gram-positive
bacterial infection, 1 × 108 Xen14 bacteria and 1 × 108

Xen29 bacteria/100 μL of PBS were used for wound con-
tamination. Three animal models were used to create
bacterial infection routes: subcutaneous injection (here-
after referred to as (I)), cut wound (hereafter referred to
as (C)), and skin grafting (hereafter referred to as (S)). In
the (I) model, E. coli and/or S. aureus suspensions were
injected subcutaneously into the backs of the mice using
an Fr. 25 needle. In the (C) model, a 1 cm incision
wound was created in the midline of the back, smeared
with E. coli and/or S. aureus suspension, and the wound
was closed directly with a 4–0 nylon suture. In the (S)
model, a 1 × 1 cm rectangular full- thickness skin graft
was lifted from the backs of the mice, E. coli and/or
S. aureus suspensions were spread over the wound bed,
and the skin graft was reattached and closed with a 4–0
nylon suture. An additional group of animals in each of
these three models was inoculated with PBS to serve as
a negative control. The mice had ad libitum access to
food and water both before and after the surgery or ad-
ministration of bacterial infection. The mice were killed
24 h after the administration of bacterial infection, and
the whole blood was drawn and collected in RNAprotect
Animal Blood Tubes (cat.No. 76544, Qiagen, USA) with-
out anticoagulant. After the whole blood samples were in-
cubated at room temperature for 15 min, they were
centrifuged at 3000 × g for 10 min, white blood cells were
slowly removed from the corresponding layers, and the
serum was extracted and stored at −80°C before process-
ing for RNA analyses. All the housing conditions and the
surgical procedures, analgesia, and assessments were in
accordance with national and institutional guidelines, and
an Association for Assessment and Accreditation of La-
boratory Animal Care (AAALAC)-accredited SPF facility
was used. The animal protocols were approved by the In-
stitutional Animal Care and Use Committee (IACUC) of
Kaohsiung Chang Gung Memorial Hospital.

RNA isolation
Total RNA was extracted from the harvested serum
using a mirVana miRNA Isolation Kit (Ambion, USA).
The purified RNA yield was determined by the absorb-
ance at 260 nm with an SSP-3000 NanoDrop spectro-
photometer (Infinigen Biotech, USA), and RNA quality
was evaluated with a BioAnalyzer 2100 system (Agilent
Technologies, USA).

Small RNA library preparation
RNA smaller than 200 base pairs (bp) was enriched with
the mirVana miRNA isolation kit (Ambion). The small
RNA samples were sent to GeneTech Biotech Co., Ltd
(GeneTech, Taiwan) for small RNA cloning. The popula-
tion of miRNAs with a length of 15–30 nucleotides (nt)
was passively eluted from polyacrylamide gels. The RNA
was then precipitated with ethanol and dissolved in water.
Small RNAs had linkers ligated to them and bar-coded
cDNAs were prepared using a TruSeq Small RNA Sample
Prep Kit (Illumina, USA) following the manufacturer’s in-
structions. Briefly, 1 μg of small RNA was ligated with
adapters at 3′ and 5′ ends. Adapter-ligated RNA was
reverse-transcribed with SuperScript II Reverse Transcript-
ase (Invitrogen, USA), then PCR-amplified (15 cycles).
Samples were barcoded using 15 variants of the reverse
primer provided with the kit. The indexing barcode of this
kit after adapter ligation could significantly reduce sample
bias over previous indexing/barcoding approaches where a
barcode was ligated directly to the miRNA [21]. Individual
libraries were analyzed on a BioAnalyzer (Agilent) for the
presence of linked cDNA at the appropriate size (135–
165 bp) and 11 bar-coded libraries were pooled into 1 sam-
ple by mixing 2.0 ng of the 135–165 bp peak from each
sample, as determined by the BioAnalyzer.

Illumina small RNA deep sequencing
Sequencing of the pooled libraries was performed in 1 lane
of the Illumina HiSeq2000 Sequencer. Fifty bp single-end
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reads of the libraries were obtained. After indexing and
trimming of linker sequences, those reads of at least 15 nt
in length that had less than three terminal mismatches
in the sequence were sorted and counted for the following
analysis. The clean reads were aligned against the refer-
ence genome indices for mouse (M. musculus, UCSC
mm9) provided by the Bowtie site (http://bowtie-bio.
sourceforge.net/index.shtml) using BOWTIE software ac-
cording to the following criteria: a 5′ and 3′ linker match
of at least 15 nt and an appropriate length (15–29 nt).
The pre-miRNAs and mature miRNAs in the miRBase
v.20.0 were searched with BLAST to identifyMus musculus
miRNAs. To evaluate the quality of deep sequencing ex-
periments, five miRNAs detected by small RNA deep
sequencing were randomly selected and quantified by
qPCR using the Applied Biosystems 7500 Real-Time PCR
System (Life Technologies, USA) to confirm the up-
regulation of miRNA expression in Xen29 (I) group vs.
Xen29 (C) group. Twenty-five femto-molar of single
stranded cel-miR-39 synthesized by Invitrogen (Invitro-
gen) was spiked into 400 μL of serum as an internal con-
trol for the expression of each miRNA.

Results
Deep sequence analysis of small RNAs
To profile the circulating miRNAs expressed during
gram-negative and gram-positive bacterial infection, 12
small RNA libraries were generated from the serum of
mice after exposure to PBS, Xen14, Xen29, and Xen14 +
Xen29 via the routes of subcutaneous injection (I), cut
wound (C), or under grafted skin (S). These 12 small RNA
libraries were indicated as Contrl (I), Xen14 (I), Xen29 (I),
Xen14 + Xen29 (I), Contrl (C), Xen14 (C), Xen29 (C),
Xen14 + Xen29 (C), Contrl (S), Xen14 (S), Xen29 (S), and
Xen14 + Xen29 (S). The number and proportions of the
categories of small RNAs found are given in the Additional
file 1. In total, around 5424663 to 5999008 high-quality
raw reads were obtained from the serum libraries. After fil-
tering the low-quality sequences, empty adaptors and
single-read sequences, 92.58% to 97.85% clean reads of
15–29 nt were selected for further analysis (Additional
file 1: Table S1). The selected reads from these serum
libraries mapped well to the mice genome, amounting
to 74.19% and 79.32% of the total reads. The rest of
the sequences were found to be other types of RNA,
including noncoding RNA, rRNA, scRNA, snRNA, snoRNA,
srpRNA, and tRNA. The size distribution of small RNAs
(sRNAs) was similar in the 2 libraries, and the majority of
them were from 21 to 23 nt (Figure 1). The most abun-
dant size class was 22 nt, which accounted for ~40% of
the total reads in these libraries, followed by 23 nt for ~35%
(Additional file 1: Table S2). This result is typical of Dicer-
processed small RNA products and was consistent with the
known ~22 nt for miRNAs.
Identification of known miRNAs
The Illumina small RNA deep sequencing approach al-
lows us to determine the relative abundance of various
miRNA families by calculating the sequencing frequency.
To investigate the expression of known miRNAs during
bacterial infection, identified small RNA sequences were
compared with known mature miRNAs in miRBase
v.20.0. The measured 814 mature miRNAs from these
12 libraries are listed (Additional file 1: Table S3).
Among them, there were 52 mature miRNAs with se-
quence reads ≥ 400 (Additional file 1: Table S4) and 10
mature miRNAs (mir-10b-5p, mir-133a-1-3p, mir-133a-
2-3p, mir-191-5p, mir-22-3p, mir-25-3p, mir-3107-5p,
mir-486-5p, mir-92a-1-3p, mir-92a-2-3p) with sequence
reads ≧ 4000 in at least 1 of the 12 twelve libraries
(Additional file 1: Table S5). In these libraries, known
miRNAs had a broad range of expression level; some
(such as mir-486-5p and mir-3107-5p) were found to
have hundreds of thousands of sequence reads, while
many others had less than 20, indicating that expression var-
ies significantly among different miRNA families. With more
than 6000 reads, 3 miRNAs (mir-486-5p, mir-3107-5p,
and mir-92a-3p) were dominantly expressed in all these
12 libraries (Additional file 1: Table S6). In addition to
mir-486-5p and mir-3107-5p, which have more than
200000 sequence reads in all 12 libraries, mir-92a-3p
was the third most abundant miRNA with sequence
reads ranging from 6659 to 16734 (Additional file 1:
Table S6). Small RNA deep sequencing and qPCR results
of five selected miRNAs (mir-133a-1-3p, mir-127-3p,
mir-25-3p, mir-191-5p, and mir-215-5p) were generally
in agreement, with a Pearson correlation value of 0.921
(Additional file 2).

Differentially-expressed miRNAs after bacterial infection
According to the changes in relative miRNA abundance
between the serum libraries from the mice receiving bac-
terial infection (Xen14, Xen29, and Xen14 + Xen29) and
PBS injection after 24 h, the differentially-expressed
miRNAs with sequence reads more than 400 in at least
1 of the libraries were selected for further comparison. It
was revealed that a total of 9 miRNAs (mir-193b-3p, mir-
133a-1-3p, mir-133a-2-3p, mir-133a-1-5p, mir-133b-3p,
mir-434-3p, mir-127-3p, mir-676-3p, mir-215-5p) showed
differences greater than 4-fold with p-value < 0.01 between
the 2 libraries (Table 1). Following exposure to gram-
negative bacteria alone, no differentially-expressed miR-
NAs were found in the injection, cut, or skin graft
models. Following exposure to gram-positive bacteria
in the injection and skin graft models, 7 upregulated
miRNAs (mir-193b-3p, mir-133a-1-3p, mir-133a-2-3p,
mir-133b-3p, mir-434-3p, mir-127-3p, mir-676-3p) and
1 downregulated miRNA (mir-215-5p) were found. In
addition, following exposure to gram-positive bacteria
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Figure 1 Length distribution and abundance of small RNA sequences by Illumina small RNA deep sequencing in 12 libraries. Xen14:
recombinant-specific gram-negative pathogen Escherichia coli; Xen29: recombinant-specific gram-positive pathogen Staphylococcus aureus. Three
animal models were used to create bacterial infection routes: subcutaneous injection (I), cut wound (C), and skin graft (S), with 1 × 108 Xen14
and/or Xen29 bacteria in 100 μL of phosphate buffered saline (PBS).
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in the cut model, only 2 miRNAs (mir-133a-1-3p, mir-
133a-2-3p) were upregulated and 1 miRNA (mir-215-
5p) was downregulated. Exposure to mixed bacteria
induced a similar expression pattern of the circulating
miRNAs to that induced by gram-positive bacterial
infection, but not to that induced by gram-negative bac-
terial infection. Unsupervised hierarchical cluster ana-
lysis (Figure 2) of all significant differentially-expressed
miRNAs also revealed the mixed gram-negative and
gram-positive bacteria induced a similar expression pat-
tern of the circulating miRNAs to that induced by
gram-positive bacterial infection, and gram-negative
bacteria induced a similar expression pattern of the cir-
culating miRNAs to that induced by the PBS in the con-
trol. Among these miRNAs, mir-193b-3p had the
highest fold-change of 61.5-fold and 40.4-fold in the in-
jection and skin graft models of gram-positive bacterial
infection, respectively, and of 13.9-fold and 13.0-fold in
the injection and skin graft models of mixed bacterial
infection, followed by mir-133a-1-3p and mir-133a-2-3p
in the gram-positive or mixed bacterial infection. There-
fore, we focused on these 3 differentially-expressed miR-
NAs (mir-193b-3p, mir-133a-1-3p, mir-133a-2-3p), and
their expression with sequence reads is illustrated in
Figure 3. Obviously, the expression of mir-133a-1-3p and
mir-133a-2-3p is similar in the 12 libraries. In addition,
the high expression of mir-133a-1-3p and mir-133a-2-3p
upon gram-positive bacterial infection is reduced, al-
though still significant, in those mice with mixed bacterial
infection.

Discussion
The analysis of the serum libraries from the mice receiving
bacterial infection (Xen14, Xen29, and Xen14 + Xen29)
against those with PBS injection by small RNA deep se-
quencing after 24 h identified differentially-expressed miR-
NAs. Following exposure to gram-negative bacteria alone,
no differentially-expressed miRNAs were found in the in-
jection, cut, or skin graft models. This unexpected result
from gram-negative bacterial infection may be partly at-
tributed to characteristics of the selected skin infection
models (subcutaneous injection, cut, and skin graft), which
were generally responsive to inoculation by the gram-
positive bacteria, but not the gram-negative bacteria. In-
vestigation of the up-regulated circulating miRNAs with
different kinds of animal model which facilitate a gram-
negative bacteria inoculation, such as peritoneal injection,
enterocolitis, or induced pneumonia may be useful to clar-
ify the difference. In addition, the results seemed to con-
trast to our previous report that LPS injection induced
up-regulation of the miRNAs (let-7d, miR-15b, miR-16,
miR-25, miR-92a, miR-103, miR-107 and miR-451) of the



Figure 2 Unsupervised hierarchical clustering of the expression of miRNAs. Hierarchical clustering of miRNA differentially expressed in the
sera of the mice receiving Xen14, Xen29, Xen14 + Xen29, or PBS (as control) inoculation via subcutaneous injection (I), cut wound (C), or skin
graft (S).

Table 1 Differentially expressed miRNAs with sequence read > 400 and regulated greater than 4-fold in the sera of
C57BL/6 mice receiving bacterial infection for 24 h

Xen14: (I) Injection subcutaneously (C) Cut (G) Grafting of skin

miR-name Fold-change p miR-name Fold-change p miR-name Fold-change p

None None None

Xen29: (I) Injection subcutaneously (C) Cut (G) Grafting of skin

miR-name Fold-change p miR-name Fold-change p miR-name Fold-change p

mmu-mir-193b-3p 61.5 ** mmu-mir-133a-2-3p 4.7 ** mmu-mir-193b-3p 40.4 **

mmu-mir-133a-2-3p 21.0 ** mmu-mir-133a-1-3p 4.7 ** mmu-mir-133b-3p 7.0 **

mmu-mir-133a-1-3p 21.0 ** mmu-mir-215-5p 0.1 ** mmu-mir-133a-2-3p 6.6 **

mmu-mir-133b-3p 8.9 ** mmu-mir-133a-1-3p 6.6 **

mmu-mir-434-3p 6.2 ** mmu-mir-434-3p 5.7 **

mmu-mir-127-3p 5.5 ** mmu-mir-676-3p 5.2 **

mmu-mir-676-3p 5.0 ** mmu-mir-127-3p 5.1 **

mmu-mir-215-5p 0.1 ** mmu-mir-215-5p 0.1 **

Xen14 + Xen29: (I) Injection subcutaneously (C) Cut (G) Grafting of skin

miR-name Fold-change p miR-name Fold-change p miR-name Fold-change p

mmu-mir-193b-3p 13.9 ** mmu-mir-133a-2-3p 4.2 ** mmu-mir-193b-3p 13.0 **

mmu-mir-133a-2-3p 6.1 ** mmu-mir-133a-1-3p 4.2 ** mmu-mir-133a-1-5p 9.6 **

mmu-mir-133a-1-3p 6.1 ** mmu-mir-215-5p 0.2 ** mmu-mir-133a-2-3p 4.7 **

mmu-mir-215-5p 0.1 ** mmu-mir-133a-1-3p 4.7 **

mmu-mir-133b-3p 4.2 **

mmu-mir-434-3p 4.0 **

**, p-value < 0.01.
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Figure 3 Comparison of the sequence reads as the expression levels of 3 dominant circulation miRNAs (mir-133a-1-3p, mir-133a-2-3p,
and mir-193b-3p) in the sera of the mice receiving bacterial infection.
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whole blood in a dose- and time-dependent manner [19].
In a single LPS injection, circulating miRNA induction oc-
curred after 2 h, persisted for at least 6 h, and declined
24 h [19]. Considering the amount of bacteria may vary
under the competition of bacterial growth and host
defense after inoculation, further experiment with in vivo
monitor at different observation time points may be help-
ful to give more information. In addition, for the same rea-
sons, it was expected and observed in this study that the
exposure to mixed bacteria induced a similar expression
pattern of the circulating miRNAs to that induced by
gram-positive bacterial infection. However, it is noted that
the number of upregulated miRNAs and their high level
of expression upon gram-positive bacterial infection was
remarkably decreased in those mice with mixed bacterial
infection, suggesting that the competition of different
types of bacteria has an impact on the expression of circu-
lation miRNA.
In this study, there were 8 upregulated miRNAs (mir-

193b-3p, mir-133a-1-3p, mir-133a-2-3p, mir-133a-1-5p,
mir-133b-3p, mir-434-3p, mir-127-3p, mir-676-3p) and 1
downregulated miRNA (mir-215-5p) present as potential
targets for differentiation between gram-negative and
gram-positive bacterial infection. The analysis of multiple
miRNAs in parallel to increase sensitivity and specificity by
using complex miRNA expression patterns might consti-
tute very useful and accessible diagnostic tools in a cluster
pattern [5,7]. However, the detection of the type of infected
bacteria should not be interfered from the animal model
approach, particularly since the inoculation methods such
as subcutaneous injection, cut, or skin grafting were not
expected to have a great impact on circulating miRNA
expression. Therefore, the 3 most common circulating
miRNAs (mir-193b-3p, mir-133a-1-3p, and mir-133a-2-3p)
expressed in the mice exposed to Staphylococcus aureus in
the absence or presence of Escherichia coli may be poten-
tial biomarkers for gram-positive bacterial infection. How-
ever, whether these 3 circulating miRNAs would expressed
in the mice exposed to other species of gram-positive bac-
teria require further validation.
A functional role of miR-133a and miR-193b was re-
cently revealed in systemic inflammatory responses associ-
ated with infections, myocardial infarction, and cancer.
Significant alterations of miR-133a, miR-193b, miR-150,
and miR-155 were found in mice after cecal pole ligation
and puncture-induced sepsis [12]. Although miR-193b has
been considered a tumor suppressor gene, and modulates
proliferation, migration, and invasion of the cancer cells
[22-25], it has been reported to be associated with death
from sepsis in an analysis of 214 sepsis patients (117 survi-
vors and 97 non-survivors based on 28-day mortality) [26].
Furthermore, miR-133a is deemed a cardiac and skeletal
muscle-specific miRNA [27,28] and involved in muscle de-
velopment [29] and many myocardial diseases [29-32]. Sig-
nificantly elevated miR-133a levels were found in critically
ill patients at intensive care unit (ICU) admission, espe-
cially in patients with sepsis [12]. In addition, correlation
analyses revealed significant correlations of miR-133a with
disease severity, classical markers of inflammation and
bacterial infection, and organ failure [12]. Notably, genes
encoding miR-133, namely miR-133a-1, miR-133a-2, are
transcribed as bicistronic transcripts together with miR-1-1
and miR-1-2 [29]. The remarked increase in expression of
mir-133a-1-3p and mir-133a-2-3p upon gram-positive bac-
terial infection in the present study was not accompanied
by an increased expression of mir-1-1 or mir-1-2. Whether
the upregulation of these circulating miRNAs is attribut-
able to direct stimulation by gram-positive bacterial toxin
or by a parallel effect, such as hemodynamic change or an
associated illness, is unknown. Therefore, the origin and
mechanism of the increased expression of mir-133a-1-3p
and mir-133a-2-3p may require further investigation prior
to their application in a clinical setting.

Conclusion
In conclusion, this study profiled circulating miRNAs in
mice exposed to gram-negative and gram-positive bac-
teria using Illumina small RNA deep sequencing, and
identified the miRNAs that may potentially be used as
biomarkers of gram-positive bacterial infections.
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Brief Communication

Role of P-selectin and P-selectin
glycoprotein ligand-1 interaction in the
induction of tissue factor expression on
human platelets after incubation with
porcine aortic endothelial cells

Ezzelarab MB, Liu YW, Lin CC, Long C, Ayares D, Dorling A,
Cooper DKC. Role of P-selectin and P-selectin glycoprotein ligand-1
interaction in the induction of tissue factor expression on human
platelets after incubation with porcine aortic endothelial cells.
Xenotransplantation 2014: 21: 16–24. © 2013 John Wiley & Sons A/S.

Abstract: Development of coagulation disorders remains a major chal-
lenge in pig-to-primate organ xenotransplantation. Our previous studies
demonstrated that porcine aortic endothelial cells (pAEC) activate
human platelets to express tissue factor (TF). In this study, we investi-
gated the molecular interaction between human platelets and pAEC to
identify possible targets for further genetic modification and/or systemic
therapy. Human platelets were incubated with pAEC from wild-type
(WT), a1,3-galactosyltransferase gene-knockout (GTKO), and GTKO
pigs expressing human CD46, after which the platelets were analyzed
for TF expression, TF mRNA level and TF function. pAEC were ana-
lyzed for von Willebrand factor (vWF) expression and mRNA level as
well. Neutralizing antibodies for P-selectin and P-selectin glycoprotein
ligand-1 (PSGL-1) were used to block the molecular interaction between
platelets and pAEC. GTKO and GTKO/CD46 pAEC-activated human
platelets to induce human TF activity equivalently to WT pAEC. Simul-
taneously, after incubation with pAEC, platelets co-expressed TF and
P-selectin. TF expression was blocked when pAEC and platelets were
pre-incubated with anti-human P-selectin or anti-human PSGL-1 anti-
bodies, but not by anti-porcine P-selectin antibody. Activated pAEC
up-regulated TF on platelets through the interaction of porcine vWF
with the human GPIb receptor. Up-regulation of TF on human platelets
by GTKO and GTKO/CD46 pAEC was comparable to that by WT
pAEC, which is associated with concomitant expression of P-selectin
and PSGL-1, forming an auto-augmented loop of pAEC and platelet
activation. Blocking of P-selectin and PSGL-1 interaction may be
required to prevent up-regulation of recipient TF in vivo after organ
xenotransplantation.
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Introduction

Intravascular thrombosis (thrombotic microang-
opathy [TM]) and systemic coagulation disorders
(consumptive coagulopathy [CC]) during or before
acute humoral xenograft rejection are major hur-
dles to successful organ xenotransplantation. Fol-
lowing heterotopic heart xenotransplantation from

a1,3-galactosyltransferase gene-knockout (GTKO)
pigs into baboons, grafts failed from TM with
platelet-rich fibrin thrombi in the microvascula-
ture, myocardial ischemia and necrosis, and focal
interstitial hemorrhage [1]. More recently, tissue
factor (TF) expression on platelets occurred early
after pig kidney xenotransplantation in baboons,
initiating a complex platelet–leukocyte reaction
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and CC [2]. After pig liver xenotransplantation,
most baboons succumbed to profound thrombocy-
topenia postulated to be associated with the
expression of TF on platelets after contact with pig
endothelium, resulting in platelet and platelet-
mononuclear cell aggregation, with deposition of
aggregates within the liver graft [3] and in the
peripheral circulation [4]. These findings suggest
that prevention of platelet activation and aggrega-
tion may be crucial for successful clinical xeno-
transplantation.

Once activated, platelets trigger the coagulation
cascade in several ways. Activated platelets release
endogenous factors that facilitate the coagulation
cascade. The release of adenosine diphosphate
(ADP) and the platelet fibrinogen receptor GPII-
bIIIa exert a positive-feedback pathway to boost
the activation of platelets. P-selectin on platelets or
endothelial cells (ECs) up-regulates TF expression
on monocytes and mediates the binding of mono-
cytes and neutrophils to ECs. The interaction
between P-selectin and monocytes in an area of
vascular injury may be a component of the mecha-
nism that initiates thrombosis [5]. Moreover, plate-
let membrane aminophospholipids are exposed as
a result of microparticle formation, which
enhances the binding and assembly of the pro-
thrombinase complex [6]. More importantly,
thrombin initiated by activated ECs is a potent
stimulator of platelet activation.

These processes could be a consequence of the
immunological response to the xenograft and can
be viewed as a component of rejection [7]. For
example, the expression of von Willebrand factor
(vWF) on activated ECs in response to binding of
xenoreactive antibody and complement, and/or the
generation of thrombin due to the activation of
ECs, are potent stimulators of platelets. Further-
more, vascular injury could be further exacerbated
by the associated loss of vascular ATPDase/CD39
[8]. Insufficient elimination of adenosine nucleo-
tides may exacerbate vascular inflammation. Addi-
tionally, platelet binding to the C1q component of
activated complement can result in the activation
of the GPIIbIIIa receptor with consequent expres-
sion of P-selectin and development of procoagu-
lant activity on platelets [9]. Nevertheless, non-
immunological factors, such as molecular incom-
patibilities, could also contribute to the activation
of platelets and exacerbation of coagulation.

Our previous study reported that porcine aortic
ECs (pAEC) activate human platelets even in the
absence of serum [10]. Understanding the interac-
tions between these cellular components would be
helpful in developing preventative measures; either
systemic pharmacological approaches in the recipi-

ent, for example, anti-platelet modalities, or
genetic modification of the organ-source pig. In
this study, we attempt to dissect the molecular
interactions between human platelets and pAEC.

Methods

Reagents

The following antibodies were used as neutralizing
antibodies: anti-SLA-I (AbD-Serotec, Raleigh,
NC, USA), anti-SLA-II (BD-Pharmingen, San
Diego, CA, USA), and anti-human CD154 were
gifted from Novartis Pharma (Basel, Switzerland),
anti-human CD62P (clone 12C5) and CD106
(VCAM-1; clone 10.2C7) were gifted from Dr Dor-
ian O. Haskard (Imperial College London, UK),
anti-CD42b (GPIba; Abcam, Cambridge, MA,
USA), anti-PAR1 (R&D Systems, Minneapolis,
MN, USA), anti-human CD62P (clone 1.2B6;
Abcam) anti-human CD62P (clone AK4; eBio-
science, San Diego, CA, USA), and anti-vWF
antibodies (DAKO, Carpinteria, CA, USA).

Anti-human TF antibody (Affinity Biologicals,
Ancaster, ON, Canada) was used in the recalicified
clotting assay.

Anti-human CD41 (Abcam), anti-CD31, and
anti-CD45 (BD Pharmingen, San Jose, CA, USA)
were used for flow cytometry.

Antibodies were used at the concentration rec-
ommended by the vendor. For neutralizing experi-
ments, higher concentrations were used with no
change in the results.

Isolation and culture of pAEC

Porcine aortic endothelial cells were isolated from
fresh aortae of wild-type (WT) pigs, GTKO pigs,
and GTKO pigs transgenic for human comple-
ment-regulatory protein CD46 (GTKO/CD46)
(Revivicor, Inc., Blacksburg, VA, USA). pAEC
were obtained from freshly harvested porcine aor-
tas by treatment with 0.05% collagenase B (Roche
Applied Science, Indianapolis, IN, USA) followed
by washing with RPMI containing 10% heat-inac-
tivated bovine serum (Invitrogen, Grand Island,
NY, USA) to inactivate the collagenase, and were
resuspended in pAEC culture medium (medium
199; Invitrogen) containing 10% heat-inactivated
fetal bovine serum (FBS; Sigma-Aldrich, St Louis,
MO, USA) and antibiotic/antimycotic agents (In-
vitrogen) and endothelial growth factor (30 lg/
ml; BD Biosciences, San Jose, CA, USA), and
plated into a collagen I-coated 25 or 75 cm2 tissue
culture flask (BD). pAEC cocultures were kept at
37 °C.
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Preparation of human platelets

Venous blood was collected from healthy volun-
teers (not taking anti-platelet agents) in tubes con-
taining ethylenediaminetetraacetic acid (EDTA,
5 mM) or acid-citrate-dextrose (ACD). After cen-
trifugation (10 min at 150 g), the top two-thirds of
platelet-rich plasma (PRP) was removed and cen-
trifuged (8 min at 1400 g). The pellet was washed
with buffer (137 mM NaCl, 5.3 mM KCl, 1 mM

MgCl2, 2 mM CaCl2, 4.1 mM NaHCO3, and
5.5 mM glucose [pH 6.5]) containing prostaglandin
E1 (PGE1, 120 nM; Sigma). Platelets were centri-
fuged (5 min at 150 g) to remove residual leuko-
cytes. Cell counts were performed by contrast
microscopy. Platelets were maintained at 4 °C dur-
ing all isolation steps to avoid activation. Prior to
incubation with pAEC, platelets showed minimal
TF expression and TF function, as previously
reported [10].

Coculture system

Human platelets were pre-incubated with pAEC
for 8 h. After coculture, platelets were collected
from supernatants for measurement of TF expres-
sion by flow cytometry and TF activity by the re-
calcified clotting assay [10]. For quantitative real-
time polymerase chain reaction (RT-PCR), human
platelets were collected 2 h after coculture with
pAEC.

Recalcified clotting assay

This method has been previously described in
detail [11]. Briefly, platelets (5 9 106) were sus-
pended in 50 ll Tris-buffered saline and mixed
with 100 ll of Factor VII (FVII)-deficient human
plasma (Haematologic Technologies, Essen Junc-
tion, VT, USA) in glass tubes (Corning, Corning,
NY, USA). 100 ll of CaCl2 (250 mM) was added,
and the tube was incubated at 37 °C. The time for
a fibrin clot to form was measured. TF-dependent
thrombin generation requires the participation of
FVII; the clotting time was shortened when FVII
was added. Therefore, the procedure was repeated
with the addition of FVII (Haematologic Technol-
ogies) in a separate assay. The activity of TF was
determined by a comparison (ratio) of the clotting
times measured with/without FVII. In each assay,
the clotting time was determined in triplicate, and
the results were quantified from a standard curve
prepared by a series of dilutions of soluble recom-
binant human TF (R&D Systems) and expressed
as procoagulant activity equivalent to ng human
TF [11].

Flow cytometry

Cells were incubated with primary and control iso-
type IgG antibodies for 30 min at 4 °C. Data
acquisition was performed with a BDTM LSR II
flow cytometer (Becton Dickinson, San Diego,
CA, USA).

Quantitative real-time polymerase chain reaction (quantitative

RT-PCR)

Total RNA was extracted from platelets and
pAEC using Trizol (Life Technologies, Grand
Island, NY, USA). Briefly, total RNA pellets were
suspended in RNase-free water, followed by treat-
ment with DNase I (Life Technologies, Rockville,
MD, USA). RNA (3 lg) from each sample was
used for reverse transcription with an oligo dT
(Life Technologies) and Superscript III (Life Tech-
nologies). Polymerase chain reaction (PCR)
mixture was prepared using SYBR Green PCR
Master Mix (PE Applied Biosystems, Foster
City, CA, USA). Primers for human TF were
5-TGCTTTTACACAGCAGACACAGAGT-3 (for-
ward) and 5-AAGACCCGTGCCAAGTACGT-3
(reverse); human b-actin were 5-TGGAAGAA
TGCGGCTCATATT-3 (forward) and 5-TACTA
TCCAATCCCTAGAAAGAACATG-3 (reverse).

Primers for pig TF were 5-TTTACCAACTC
GCCCCCCTTC-3 (forward) and 5- AATGTGCC
GTTCACCCTGACTAA-3 (reverse); pig b-actin
were 5-CTCGATCATGAAGTGCGACTG -3 (for-
ward) and 5- GTGATCTCCTTCTGCATCCTG
TC-3 (reverse); pig vWF were 5-ATAATAGG
ATCCGGCCTGCGCGGA ACCGGTGCC-3 (for-
ward) and 5-ATAATAGAATTCGACTTGGGC
CACTAGGGGGC-3 (reverse) [12]. Thermal cycling
conditions were 10 min at 95 °C, followed by 40
cycles for 15 s at 95 °C, and for 1 min at 60 °C on
an ABI PRISM 7000 Sequence Detection System
(PE Applied Biosystems).

Statistical analysis

Data are presented as mean � SEM from three
independent experiments. Significance of the differ-
ence between two groups was determined by paired
Student’s t-test. Values of P < 0.05 were consid-
ered significant.

Results

pAEC activate human platelets to express human TF

Human platelets (5 9 106/ml) were co-cultured
with WT pAEC for 8 h. pAEC-activated platelets
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expressed TF as determined by flow cytometery
(Fig. 1A), which was inhibited by anti-human TF
antibody (Fig. 1B), but which failed to inhibit por-
cine TF activity in the recalcified clotting assay
[10]. Therefore, this in vitro model demonstrates
that pAEC-activated human platelets to express
human, but not porcine TF. Consistently, after co-
culture of platelets with pAEC for 2 h, TF mRNA
on platelets was replicated only with human pri-
mer, but not with porcine primer using RT-PCR
(Fig. 1C).

Additionally, TF expression on human platelets
was not attenuated by pig genetic modifications as
pAEC from genetically modified pigs (GTKO or
GTKO/CD46) showed similar levels of TF activity
(Fig. 1D).

Role of molecular interactions between human platelets and

pAEC in the up-regulation of TF expression

The molecular interaction between human platelets
and pAEC was investigated using neutralizing
antibodies in the recalcified clotting assay. The
receptors and ligands possibly involved in this
interaction were tested using specific antibodies
(see Materials and Methods). Antibodies against
SLA-1, SLA-II, CD106 (VCAM-1), CD154, and
PAR-1, did not inhibit TF activity on platelets
(Fig. 2A). However, TF activity on platelets
was inhibited by anti-CD42b (Fig. 2B), anti-vWF
(Fig. 2C), and anti-P-selectin (Clone 1.2B6)
(Fig. 2D) antibodies. Additionally, the same anti-
bodies prevented the up-regulation of platelet TF

Fig. 1. Porcine aortic endothelial cells (pAEC) activate human platelets to express human TF. Following coculture with WT pAEC
for 8 h, human platelets were harvested for analysis of TF expression by flow cytometry (A) and for TF activity by recalcified clotting
assay (B). Before recalcified clotting assay, human platelets were added with anti-human TF antibody for 30 min. TF mRNA was
measured by quantitative RT-PCR (C) after incubation with pAEC for 2 h. Recalcified clotting assay was repeated using GTKO or
GTKO/CD46 pAEC (D).
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mRNA expression by quantitative RT-PCR
(Fig. 2E).

Since CD42b (GPIba) is exclusively expressed
on platelets, the neutralizing effects of anti-CD42b
indicated that TF expression on platelets activated
by pAEC involved an interaction with human
CD42b on platelets.

P-selectin, porcine vWF, and human GPIba interactions promote

up-regulation of TF expression on platelets

As both vWF and P-selectin are expressed on
pAEC and platelets, we aimed to identify the

respective roles in the up-regulation of TF expres-
sion on platelets.

Three clones of anti-P-selectin antibodies were
used and their reactivity to activated human plate-
lets or activated pAEC was determined by flow
cytometry (Fig. 3A). Clone 1.2B6 (previously
shown to be reactive to human and pig E-selectin
[13–15]) is reactive to human platelets. Clone AK4
is reactive to human P-selectin, but not to pAEC.
Clone 12C5 is reactive to both human and pig
P-selectin, as previously shown [16].

In order to determine whether vWF and P-selec-
tin are derived from pAEC or human platelets,

A

B

C

D

E

Fig. 2. Molecular interaction between human platelets and pAEC. Human platelets and WT pAEC were pre-treated with different
neutralizing antibodies for 30 min at 4 °C. Neutralizing antibodies against SLA1, SLA2, CD106, CD154, and PAR1 showed no
reduction in TF activity (A). Neutralizing antibodies against CD42b (B), vWF (C), and P-selectin (D) showed dose-dependent reduc-
tion in TF activity. Platelets were incubated with pAEC for 8 h and harvested for study in the recalcified clotting assay (A, B, C, and
D), or after 2 h incubation by quantitative RT-PCR (E). Platelets incubated in medium alone were used as a control. (*P < 0.005
compared to incubation with pAEC).
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neutralizing antibodies were incubated with pAEC
for 30 min, followed by washing of pAEC before
human platelets were added. After pAEC washing,
anti-vWF antibody still blocked the activation of
platelets to express TF, while P-selectin antibodies
(including anti-porcine P-selectin antibody; clone
12C5) failed to inhibit activation (Fig. 3B). Mean-
while, following platelet incubation, pAEC are
activated to express vWF as early as 2 h after incu-
bation. To confirm if this vWF is of porcine origin,
and not from human platelets, pAEC (CD31 posi-
tive) were negative for aggregation with human
platelets (as evidenced by the lack of CD41 and
CD42a expression on pAEC by flow cytometry;
Fig. 3C). Furthermore, similar to up-regulation of
vWF expression on pAEC, there was up-regulation
of vWF mRNA levels by quantitative RT-PCR
(Fig. 3D).

TF expression on human platelets through the interaction of

platelet P-selectin and P-selectin glycoprotein ligand-1 (PSGL-1)

Following co-culture with pAEC, anti-human
P-selectin antibodies (including human-specific P-
selectin antibody; clone AK4), inhibit TF expres-
sion on platelets only without washing before add-
ing platelets (Fig. 3C), suggesting that P-selectin
expressed on human platelets but not on pAEC
promotes TF up-regulation in platelets.

P-selectin glycoprotein ligand-1 (CD162) is uni-
versally expressed on leukocytes and platelets, and
serves as the major ligand of P-selectin. In this sys-
tem, platelets were essentially free of leukocytes as
determined by flow cytometry (Fig. 4A). Blocking
PSGL-1 using anti-PSGL-1 antibody prevented
TF expression on platelets (Fig. 4B). Since P-selec-
tin and PSGL-1 are expressed on platelets, these

C

D

A

B

Fig. 3. Tissue factor (TF) expression on human platelets activated by pAEC is through porcine vWF and human P-selectin. Platelets
were activated by thrombin (1 U/ml) for 30 min or and WT pAEC were activated by TNF-a (10 ng/ml) for 2 h, before coculture.
The reactivity of different clones of anti-P-selectin antibodies was determined by flow cytometry (A). Clones 1.2B6 and 12C5 are
cross-reactive to both pig and human, but clone AK4 is exclusively reactive to human (Gray: isotype control). pAEC were pre-trea-
ted with either anti-vWF or anti-P-selectin antibodies for 30 min (B); then washed out three times before human platelets were co-
incubated for 8 h. Platelet TF activity was measured by the recalcified clotting assay. (Gray bars: antibodies were washed out before
platelets were co-incubated, *P < 0.05). (C) Following coculture with platelets, pAEC were harvested at 2, 4, and 8 h for analysis of
vWF expression and platelet adhesion (CD41 and CD42 expression) by flow cytometry (gray: isotype control). (D) pAEC vWF
mRNA levels was measured by quantitative RT-PCR after coculture with platelets. Platelets incubated in medium alone were used
as a control. (#P < 0.05).
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results suggested that TF expression on activated
platelets could be augmented through a positive-
feedback interaction between P-selectin and
PSGL-1.

Discussion

Platelet activation occurs early after xenotrans-
plantation even when kidney [2] or liver grafts are
from GTKO/CD46 pigs. Recent pig-to-primate
liver xenotransplantation models have demon-
strated that activated platelets play a pivotal role
in recipient mortality [3,17]. However, the mecha-
nisms by which platelets are activated are still
elusive. First, it was thought that ECs activated by
the immune response stimulated platelets either by
direct activation or loss of platelet protection
mechanisms on ECs, such as vascular ATPDase/
CD39. Second, it was believed that thrombin was
formed either through the effect of activated ECs
or alternatively through molecular incompatibili-
ties [18]. However, our previous study in a kidney
xenotransplantation model demonstrated that
platelets were activated even with minimal immune
response. Furthermore, in a liver xenotransplanta-
tion model, pAEC from genetically-modified pigs
(e.g., GTKO or GTKO/CD46) did not inhibit TF

expression on human platelets [3,19]. Moreover,
previous reports showed that limited benefits were
acquired from anti-platelet and anti-thrombotic
agents. These findings suggest that it is crucial to
understand these highly complex mechanisms of
platelet activation. Vascular endothelial cells in
various organs may differ in phenotype and activa-
tion, particularly microvascular endothelial cells.
We therefore cannot guarantee that the pAEC
used in our model are representative of pAEC
from specific organs, for example, lung or liver.

Our previous study indicated that pAEC-acti-
vated human platelets to express TF in the
absence of serum [10]. In this study, we investi-
gated the molecular interaction between pAEC
and human platelets. The antibody-neutralizing
studies indicated that TF expression on platelets
is inhibited by anti-GPIba (CD42b) and anti-
vWF antibodies. Although both pAEC and
human platelets express vWF, TF expression on
platelets was inhibited in the presence of anti-
vWF antibody, and when antibody was washed
out before platelets were co-incubated. There-
fore, these observations suggest that that up-
regulation of vWF expression on activated
pAEC promotes the expression of TF on human
platelets via the GPIba receptor on platelets.
It would be interesting to evaluate pAEC condi-
tioned medium for induction of TF expression
on human platelets, regardless of direct contact
with pAEC. Since we could not determine the
source of vWF in the coculture, RT-PCR analy-
sis was used to determine human versus pig
vWF mRNA levels.

This result is compatible with the findings of
others [20]. Schulte am Esch et al. reported that
purified porcine vWF spontaneously aggregated
human platelets, which was inhibited by anti-
human GPIba antibody. By transiently transfecting
recombinant human or porcine vWF A1-domains
in COS-7 cells, platelets were activated through
aberrant interaction between the O-glycosylated
A1 domain and platelet GPIba. This effect proba-
bly has in vivo significance, particularly after lung
xenotransplantation, in which pre-treatment of
porcine lungs with desmopressin (which reduces
the content of vWF) attenuated platelet activation
and systemic intravascular coagulation [21]. We
did not use desmopressin in our in vitro model.

The origin of TF on platelets still remains
controversial. Stimulated human platelets seem to
express preformed TF, which derives from the
a-granules and the open canalicular system of rest-
ing platelets, and is exposed on the surface after
platelet activation [22]. Platelet–leukocyte interac-
tions seem necessary for TF expression, and TF is

A

B

Fig. 4. Tissue factor expression on platelets is inhibited by
anti-PSGL-1 antibody. To exclude aggregation of leukocytes
with platelets, isolated human platelets are free of leukocytes
(CD45) as determined by flow cytometry (A). Human platelets
were pre-treated with different concentrations of neutralizing
anti-PSGL-1 antibodies for 30 min at 4 °C (without washing)
before incubation with WT pAEC. TF activity on platelets was
studied by the recalcified clotting assay (B). Platelets incubated
in medium alone were used as a control.
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transferred to platelets by monocyte-derived mi-
croparticles [23]. Recently, platelets have been
demonstrated to synthesize de novo proteins via the
splicing process of constitutive pre-mRNA [24].
Furthermore, platelets have been demonstrated to
process TF pre-mRNA to the mature transcript,
which requires Cdc2-like kinase (CLK1) to be
present and operate in platelets [25].

In contrast, P-selectin on ECs is inferred to play
a more important role in the process of thrombo-
sis. In addition, P-selectin on platelets was found
to stabilize platelet aggregates, and support plate-
let–platelet or platelet–leukocyte interactions to
promote fibrin deposition [26,27]. In this study, TF
expression on human platelets induced by pAEC is
inhibited by anti-human P-selectin antibodies
(clone 1.2B6, AK4, and 12C5). Contrary to anti-
vWF antibody, which inhibited TF expression on
platelets when antibodies were washed out before
co-incubation with platelets, anti-porcine P-selec-
tin antibody (clone 12C5) failed to inhibit TF
expression on platelets. Additionally, TF expres-
sion on platelets was inhibited by antibody for the
receptor PSGL-1. Hence, we conclude that in this
system, this inhibitory effect of TF expression on
platelets is attributed to platelets, but not to
pAEC. The platelets were essentially free of leuko-
cytes, as evidenced by flow cytometry. Further-
more, a recent study indicates that platelets also
express the receptor PSGL-1 [28]. This study sug-
gested that, expression of P-selectin on platelets
may create a positive feedback to activate platelets
further via the P-selectin and PSGL-1 pathway,
and thus contribute to the activity of TF. This find-
ing provides an alternative pathway to inhibit TF
expression by pharmaceutical inhibition of P-selec-
tin expression.
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Tendon-bone healing is crucial in success of anterior cruciate ligament (ACL) reconstruc-

tion surgery. Demineralized bone matrix (DBM) is a physiological component that has the

inherent potential of bone regeneration. We hypothesized that the alternative bone sub-

stitute can affect the structural properties of tendon graft in tibial tunnel healing. Five

12-week-old New Zealand white rabbits in study group underwent unilateral ACL re-

constructions plus the application of 0.5 cc DBM in the tibial tunnel. The assessment

included radiological assessment and histologic and immunohistochemical analyses.

Radiological examination revealed that DBM group had the least displacement of tendon in

tibial tunnel (0.4 � 0.12; P ¼ 0.03). Histologic examination showed significantly better

integration between tendon and bone in DBM group (77.62 � 2.08; P ¼ 0.001). On immu-

nohistochemical analysis, the DBM group showed significantly higher expressions of bone

morphogenetic protein-2 and vascular endothelial growth factor than control group

(51.98 � 3.02, 84.06 � 1.86; P ¼ 0.001, P < 0.001). DBM enhances the tendon-bone healing

in ACL reconstruction. DBM has the potential use in ACL surgery.

ª 2014 Elsevier Inc. All rights reserved.
1. Introduction osteoconductive, osteogenic, and osteoinductive properties
Tendon graft healing within the bone tunnel in ACL recon-

struction involves a complex biological process [1,2]. The

healing process of tendons to bonemay take months to years,

with the development of a fibrovascular interzone that sub-

sequently undergoes mineralization and the remodulation

phases of ligament insertion [3e5]. Many approaches in tissue

engineering have been attempted to improve the healing of

tendon to bone, including shockwave therapy, growth factors,

gene therapy, stem cells, and scaffolds [6e9].

Autogenous bone grafts are considered the “gold standard”

in promoting bone healing [10]. They provide the best
opaedic Surgery, Chang G
na. Tel.: þ886 7731 7123;
.tw (C.-J. Wang).
ier Inc. All rights reserved
without the risks of immunoreaction or disease transmission

[11]. However, the disadvantages include potential morbidity

at the donor site, the limited availability, and risk of wound

infection, increased blood loss, and prolonged surgical and

anesthesia time [12,13]. Because of these limitations, biosyn-

thetic bone substitutes such as demineralized bone matrix

(DBM) are being investigated. DBM comprised insoluble

collagen and natural noncollagenous proteins, which are

prepared by acid extraction of allograft bone. DBM is both

osteoconductive and osteoinductive, without foreign-body

immunogenic reaction [14]. Normal tendon healing in the

bony tunnel is characterized by new bone formation and
ung Memorial Hospital at Kaohsiung, 123, Ta Pei Road, Niao Sung
fax þ886 7733 5515.
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Fig. 1 e (A) ACL reconstruction by transfer of the long digital extensor tendon with the distal end fixed with the #2 Ethibon

suture-post. (B) The DBM was pushed into the tibial tunnel. (C) A vein clip (arrow) was secured to the tendon after surgery.
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expression of various growth factors [3,15]. DBM is a physio-

logical component that has the inherent potential of bone

regeneration. The proteins in DBM promote the early differ-

entiation of mesenchymal cells into chondrogenic and oste-

ogenic lineages, leading to new bone formation [16]. We

hypothesized that supplementary DBM may enhance the

healing of tendon to bone. The purpose of this study was to

evaluate whether the addition of DBM may affect tendon

healing in the bone tunnel in rabbits.
Table 1eThemicromotion of the graft in the tibial tunnel.

(mm) Suture (N ¼ 5) Suture þ DBM (N ¼ 5) P-value

4 wk 0.82 � 0.2 0.57 � 0.27 1

8 wk 0.99 � 0.33 0.77 � 0.39 0.19

12 wk 0.4 � 0.13 0.4 � 0.12 0.03*

*Mean P < 0.05.
2. Material and methods

2.1. Study design

2.1.1. Surgical procedure in animal models
The Institutional Review Board of our hospital approved this

study, and the study was performed under the guidelines of

the care and use of animals in research. Ten 12-week-old New

Zealand white rabbits with body weight ranging from 2.79 to

3.65 kg were used in this study. The rabbits were divided into

two groups with five in each group. The first group underwent

ACL reconstruction using a #2 Ethibon suture-post around the

tibial tunnel and the suturewas tied to the bone through a drill

hole in the proximal tibial cortex (Fig. 1A). The second group

underwent similar ACL reconstruction plus the application of

0.5 cc DBM (AlloMatrix Injectable Putty, 0.44 g powder 0.36 mL

solution; Wright Medical Technology, Inc, Arlington, TN) into

the tibial tunnel (Fig. 1B).

2.1.2. Anterior cruciate ligament reconstruction
The rabbits were anesthetized with ketamine (50 mg/kg) and

phenobarbital (50 mg/kg). Both lower limbs were shaved and

scrubbed and prepared with a sterile technique. Arthrotomy

of the knee was carried out through a medial parapatellar

approach. The anterior cruciate ligament (ACL) was excised.

The long digital extensor tendon was dissected off distally at

the musculotendinous junction on the lateral proximal tibia,

whereas the proximal femoral attachment was left intact. The

tibial tunnel was created with a graft sizeematched drill bit

through the ACL footprint and exited on the anteromedial
aspect of the proximal tibia. The distal end of the graft was

pulled into the tibia tunnel and fixed at the proximal tibia. The

graftswere secured to the bone through a drill hole in the bone

adjacent to the tibia tunnel, with the knee at 3000 of flexion.

ACL reconstruction was similarly performed in the second

group, and the application of 0.5 mL DBMwas prepared before

ACL reconstruction was complete. After surgery, a vein clip

was firmly attached to the ACL graft for radiographic identi-

fication (Fig. 1C). The knee joint was irrigated and closed in

routine fashion. The knee was then covered with a bulky

dressing with no additional immobilization. The animal was

returned to the housing cage and was cared for by a veteri-

narian. Prophylactic antibiotic with ampicillin 50 mg/kg was

given intramuscularly for 5 d. The general activities of the

rabbits and the local wound condition were inspected daily.

2.1.3. Radiographic examination
X-rays of the knee in the anterior-posterior and lateral views

were obtained for measurements of the distance between the

vein clip and the tibial plateau at 4, 8, and 12 wk. The distance

between the vein clip and the tibial plateau represents the

micromotion of the tendon graft in the bone tunnel. One

radiologist blinded to the study design performed the mea-

surements for all cases.

2.1.4. Histologic studies
The rabbits were killed with an overdose intravenous injection

of sodium phenobarbital at 12 wk after surgery. The proximal

tibiawith the tendongraftwasresectedandfixed in formalin for

7 d. The specimens were dissected and fixed in 4% phosphate-

buffered saline (PBS)ebuffered paraformaldehyde for 48 h and

decalcified in PBS-buffered 10% ethylenediaminetetraacetic
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Fig. 2 e Radiographic measurement of vein clip (arrows) movement after surgery at different time intervals (1, 4, 8, and 12

wk) to evaluate graft micromotion in the tibial tunnel. (A) Non-DBM group and (B) DBM group.
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acid. The decalcified tissues were embedded in paraffin and

cut transversally into 5-mm thick sections and transferred to

polylysine-coated slides for conventional hematoxylin and

eosin staining (Sigma Chemicals, Inc, St. Louis, MO) to distin-

guish tissue morphology, including fibrous, cartilaginous, and

bony tissues, as previously described [17,18]. The percentage

of area of contact and the gap between tendon and bone

were calculated as 360� around the tendon proper.

2.1.5. Immunohistochemical studies
For the immunohistochemical studies, sections of specimens

were immunostained with specific reagents for vascular
Fig. 3 e Histologic examinations revealed the results of the per

staining at 12 wk. (*Mean P < 0.05). (Color version of figure is a
endothelial growth factor (VEGF) and bone morphogenetic

protein (BMP)-2 to identify angiogenesis- and osteogenesis-

related growth indicators. The horseradish peroxidase-3,30-
diaminobenzidine cell and tissue staining kit (R&D Systems,

Inc, Minneapolis, MN) was used to show the immunoreac-

tivity in specimens. The expression of VEGF is an intense

angiogenic factor that targets vascular endothelial cells [19],

whereas BMP-2 was used to investigate the remodeling

process of the bone tunnel [20]. The number of positive

immunolabeled cells and total number of cells in each sec-

tion were counted and the percentage of positive cells was

calculated. Five regions in each specimen from three
centage of new bone formation in hematoxylin and eosin

vailable online.)
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Fig. 4 e Histologic examinations (hematoxylin and eosin staining) at 12 wk, 312.5. (A) non-DBM group and (B) DBM group.

The DBM group had less fibrous tissue formation and more new bone tissue and contact area between the tendon graft and

the bone tunnel. B [ bone; T [ tendon.
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sections were randomly selected using a Zeiss Axioskop 2

plus microscope (Carl Zeiss, Gottingen, Germany). Three

random images of 0.75 mm2 from each area (3 mm2) were

then taken under �400 magnifications. All images of each

specimen were captured using a Cool CCD camera (SNAP-Pro

c.f. Digital kit; Media Cybernetics, Silver Spring, MD). Images

were analyzed using Image-Pro Plus @ image-analysis soft-

ware (Media Cybernetics, Silver Spring, MD). One pathologist

blinded to the study protocol performed measurements on

all specimens.
2.2. Statistical analysis

The post-suture group was used as the baseline data. The

results of this study were expressed as mean � standard de-

viation. The data between two groups were statistically

compared using the Student t-test with statistical significance

set at P < 0.05.
3. Results

3.1. Radiological results

The radiological study results are summarized in Table 1. The

DMB group had significantly less micromotion of the graft

than the non-DBM group on X-ray examination at 12th week

(Fig. 2).
Table 2 e The results of BMP-2 and VEGF in
immunohistochemical staining of the tendon-bone
interface after surgery at 12 wk.

At 12 wk Suture Suture þ DBM P-value

BMP-2 (%) 39.84 � 4.21 51.98 � 3.02 0.001*

VEGF (%) 75.84 � 3.37 84.06 � 1.86 <0.001*

*Mean P < 0.05.
3.2. Histologic examination

The histologic examination results are summarized in

Figure 3. The percentage of new bone formation was 41.08 in

non-DBM group and 77.62 in DBM groups. The percentage of

new bone formation in the interface around the tendon proper

was significantly more prominent in the DBM group. The gap

between the tendon and bone was significantly smaller with

more intimate contact between the tendon and bone in the

DBM group. The DBM group also showed less fibrous tissue

formation (Fig. 4).
3.3. Immunohistochemical studies

The immunohistochemistry results are summarized in

Table 2. The percentage of positive stained BMP-2 was 39.84

and 51.98 in non-DBM and DBM groups and positive stained

VEGF was 75.84 and 84.06 in non-DBM and DBM groups. The

DBM group showed significantly higher BMP-2 and VEGF

expression than the non-DBM group (Figs. 5 and 6). More BMP-

2 and VEGF stained positively in cells were found at the sur-

face of the newly formed woven bone around the interface

region of the ACL graft plus DBM.

3.4. Complications

Therewas nowound infection or neurovascular complication.
4. Discussion

ACL reconstruction is a common surgery in sports medicine.

However, approximately 20%e25% of patients developed early

graft failure and recurrent knee instability within 6mo [21,22].

The causes of early graft failure were multifactorial and

included inadequate graft fixation. Such a failure mode is

usually secondary to the graft pulling out from the bone tun-

nel before osteointegration occurs. The initial graft tendon

stability is provided by the fixation quality of the graft to the

bone, and the long-term outcome depends on the healing of

the graft to the bone within the bone tunnel. DBM is a syn-

thetic bone substitute with the ability to prompt new bone

formation [16,23e26]. The BMP in the DBM have been
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Fig. 5 e Immunohistochemical staining of BMP-2 at 12 wk, 3400; (A) non-DBM group and (B) DBM group. The DBM group

showed significantly higher value of BMP-2 (arrows) staining. B [ bone; T [ tendon.
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identified and are partially responsible for bone cell differen-

tiation. BMP releases a series of signals that stimulate

mesenchymal cells to transform into osteoprogenitor cells.

DBM is an effective and safe product that enhances bone

healing and has played an important role in the treatment of

bone fracture and tumor surgery [25,27,28].

The results of the present study suggested that the appli-

cation of DBM resulted in lesser micromotion and more new

bone formation and contact between the tendon and bone

within the bone tunnel. DBM was found to produce signifi-

cantly better radiological results at 4, 8, and 12 wk and signifi-

cantly more mineralized fibrocartilage at 12 wk. DBM has

osteoinductive and osteoconductive capabilities that promote

woven bone formation and bone remodeling, resulting in

improved mechanical strength at the tendon-bone interface.

The new bone formation may abolish the interspace and then

increase osteointegration between the tendon and bone. The

bonding capabilitymay lead to an instant, stable fixation of the

tendon graft in the bone tunnel. DBM can fill the gap between

tendon and bone with bone substitute materials, which seems

to be clinically applicable.

The expression of VEGF and BMP-2 represents angiogen-

esis and osteogenesis [20,29,30]. Kohno et al. [15] found that

VEGF is expressed during the period of active collagen fiber

formation, particularly in the early vascularization stages of

tendon-bone healing, and BMP-2 is expressed during the later
Fig. 6 e Immunohistochemical staining of VEGF at 12 wk, 3400

higher value of VEGF (arrows) staining found in the DBM group t

T [ tendon.
phases, characterized by remodeling of the bone. The results

of the present study showed obvious increases in VEGF and

BMP-2 in the DBM group. These findings were augmented by

the increases in cell activity and new bone formation in the

histologic study. The results of this study suggested that DBM

can offer new possibilities for achieving effective vasculari-

zation and osteogenesis for osteointegration of tendon to

bone in tissue engineering applications.

DBM has been used to reconstruct bone tissue in the fields

of maxillo-craniofacial surgery, periodontics, and orthopedics

and has successfully demonstrated its efficacy in promoting

bone growth in the clinic. DBM can be easily applied in ACL

reconstruction and promotes normal tendon-bone incorpo-

ration in the bony tunnel. In the future, the application of

currently existing DBM products may well significantly

improve fixation quality of tendon graft in the tunnel at a low

cost with using a simple procedure and clinical approved

materials. It is a widely used biomaterial which is easy to

apply and likely to be the least expensive recommended

methods. There are some limitations in this study. First, the

amount of BMPs in DBM is highly variable [31]. Vein clip

looseningwas found in one case in the control group. The vein

clip in the rabbit knee may have caused impingement and led

to loosening. Therefore, some of the measurements of graft

displacement might be distorted. Another weakness was the

small number of subjects, which may have led to a low
. (A) non-DBM group and (B) DBM group. The significantly

han those of the non-DBM group are also shown. B [ bone;
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http://dx.doi.org/10.1016/j.jss.2013.09.025


j o u r n a l o f s u r g i c a l r e s e a r c h 1 8 7 ( 2 0 1 4 ) 2 1 9e2 2 4224
statistical power analysis. Furthermore, no biomechanical

test was performed in this study. Finally, the results of an

animal experiment may not be duplicable in human subjects.
5. Conclusion

DBM enhances the tendon-bone healing in ACL reconstruc-

tion. DBM has the potential use in ACL surgery.
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Background. The aim of this study was to profile TLR4/NF-𝜅B-responsive microRNAs (miRNAs) and their potential target genes
in the skeletal muscles of mice following ischemia-reperfusion injury. Methods. Thigh skeletal muscles of C57BL/6, Tlr4−/−, and
NF-𝜅B−/− mice isolated based on femoral artery perfusion were subjected to ischemia for 2 h and reperfusion for 0 h, 4 h, 1 d,
and 7 d. The muscle specimens were analyzed with miRNA arrays. Immunoprecipitation with an argonaute 2- (Ago2-) specific
monoclonal antibody followed by whole genome microarray was performed to identify mRNA associated with the RNA-silencing
machinery. The potential targets of each upregulated miRNA were identified by combined analysis involving the bioinformatics
algorithmmiRanda and whole genome expression. Results. Three TLR4/NF-𝜅B-responsive miRNAs (miR-15a, miR-744, and miR-
1196)were significantly upregulated in themuscles following ischemia-reperfusion injury.The combined in silico andwhole genome
microarray approaches identified 5, 4, and 20 potential target genes for miR-15a, miR-744, and miR-1196, respectively. Among the 3
genes (Zbed4, Lrsam1, andDdx21) regulated by at least 2 of the 3 upregulatedmiRNAs, Lrsam1 andDdx21 are known to be associated
with the innate immunity pathway. Conclusions. This study profiled TLR4/NF-𝜅B-responsive miRNAs and their potential target
genes in mouse skeletal muscle subjected to ischemia-reperfusion injury.

1. Introduction

Despite extensive experimental work directed toward the
treatment and prevention of established skeletal muscle
ischemia-reperfusion injury (IRI), the clinical outcome has
not appreciably changed over the past few decades [1]. Better
understanding of the pathophysiological processes occurring
within skeletal muscle in IRI may enable identification of
potential therapeutic targets. Recent studies have indicated
the involvement of toll-like receptors (TLRs) in the pathogen-
esis of IRI in various organs and systems [2]. Recent obser-
vations have indicated that some TLRs also alert the host

to the presence of tissue damage and become activated
by endogenous molecules released from damaged ischemic
tissues [3, 4]. Stimulation of TLRs upon ligand recognition
triggers downstream signaling cascades, which culminates
in the activation of nuclear factor-𝜅B (NF-𝜅B) and activator
protein 1 (AP-1) and results in the release of various proin-
flammatory cytokines such as IL-6, IL-1, and TNF-𝛼. NF-𝜅B
is thought to play an important role in the activation of genes
expressed in response to IRI, and regulation of the initial
phase of NF-𝜅B activation affords physiological protection
against severe ischemic stress [5, 6].
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(a) (b)

Figure 1: Model of ischemia-reperfusion injury on the isolated skeletal muscle. (a) Mouse quadriceps muscle was perfused based on the
overlying femoral artery. (b) After isolation of the muscle, ischemia was induced by placing a microvascular clamp across the proximal
vascular pedicle for 2 h.

TLRs 1–9 have been found to be expressed in skeletal
muscles [7, 8]. In patients with critical limb ischemia,
expression of the TLR 2, 4, and 6 proteins was observed
in gastrocnemius muscle biopsy samples [9]. TLR4, a TLR
family member, is considered a central mediator of IRI-
related inflammation and organ injury, along with a family of
putative danger signal molecules, which includes hyaluronic
acid, heparan sulfate, fibrinogen, HMGB1, and heat shock
proteins [10–12]. TLR4 also participates in the recognition
of endogenous proteins released from damaged tissues in
hemorrhagic shock [13] and in cardiac [14], renal [15], and
hepatic [16] IRI models. Various studies have shown that
TLR4-deficient mice have lesser myocardial infarct size than
wild-type control animals [14, 17]. Other studies have sug-
gested that smaller myocardial infarctions in TLR4-deficient
mice can be attributed to reduced neutrophil infiltration and
NF-𝜅B activation followed by decrease in the levels of the
inflammatory cytokines IL-1𝛽 and IL-6 aswell as ofmonocyte
chemotactic factor-1 [14, 17]. TLR4/NF-𝜅B signaling has been
suggested to play a pivotal role in mediating hindlimb IRI
through decrease in neutrophil extracellular traps, whichmay
contribute to muscle fiber injury [18]. In addition, blockade
with TLR4 antagonists has been shown to have a beneficial
effect in myocardial infarction [19, 20].

MicroRNAs (miRNAs) are small noncoding RNAs
belonging to a novel class of negative regulators that con-
trol gene expression by imperfect base pairing with the 3
untranslated region (3UTR) of a target mRNA, leading to
inhibition of translation or mRNA degradation [21]. Both
basic and clinical studies have suggested that miRNAs are
important regulators of cell differentiation, growth, pro-
liferation, and apoptosis [22, 23]. These observations are
probably not surprising as bioinformatics predictions indi-
cate that mammalian miRNAs can regulate approximately
60% of all protein-coding genes [24, 25]. miRNAs also play
important roles in the regulation of the innate immune
system [26]. The end result of the TLR signaling pathways is
the activation of proinflammatory transcription factors that
enhance transcription of RNA polymerase II-sensitive genes
encoding cytokines, chemokines, and antimicrobial factors.
Because miRNAs are also transcribed by RNA polymerase

II [27, 28], it stands to reason that miRNAs themselves
are targets of TLR signaling pathways, especially consid-
ering that the expression of most of the TLR-responsive
miRNAs described so far depends on NF-𝜅B activity [29].
In addition, miRNAs not only provide a link between the
innate and adaptive immune signaling pathways but also
play a role in controlling the switch from strong early
proinflammatory responses to the resolution phase of the
inflammatory process [29]. In addition, dysregulatedmiRNA
expression has been implicated in mediating IRI in the heart,
liver, and kidney [30–34]. Because TLRs are activated in
sterile inflammation during IRI, regulation of TLR signaling
provides an opportunity to control the IRI pathophysiological
process and reduce cell damage. This study was designed
to investigate the involvement of the TLR4/NF-𝜅B pathway
in miRNA expression during IRI. We used miRNA array
analysis to identify the miRNA-regulated target genes by
using a combined approach involving prediction algorithms
and a whole genomemicroarray experiment coupled with an
argonaute 2 (Ago2) ribonucleoprotein immunoprecipitation-
(RIP-) chip.

2. Materials and Methods

2.1. AnimalExperimentsandTissuePreparation. MaleC57BL/6
mice (age, 10–12weeks; weight, 22–35 g)were purchased from
BioLasco (Taiwan). 𝑇𝑙𝑟4−/− (C57BL/10ScNJ) and 𝑁𝐹-𝜅𝐵−/−
(B6.Cg-Nfkb1tm1Bal/J) mice were purchased from Jackson
Laboratory (Bar Harbor, ME, USA). All the housing con-
ditions and the surgical procedures, analgesia, and assess-
ments were in accordance with national and institutional
guidelines and an AAALAC-accredited SPF facility was used.
The animal protocols were approved by the IACUC of
Chang Gung Memorial Hospital. Mice were anesthetized by
intraperitoneal injection of an anesthetic cocktail consisting
of 0.1mg/g ketamine and 0.01mg/g xylazine (0.01mL/g body
weight). The anesthetized mice were restrained in a supine
position on a heated pad to maintain the body temperature
at 37∘C. The quadriceps muscle was perfused based on the
femoral artery (Figure 1(a)) and carefully separated away
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from the femoral bone and the underlying adductor muscle
group. In the ischemic group, ischemia was induced by
placing a microvascular clamp carefully across the proximal
site of the vascular pedicle (Figure 1(b)) for 2 h after which the
clamp was removed. Good vascular flow through the pedicle
was verified under direct magnified vision. In the sham-
operated control group, the muscle was isolated without
inducing ischemia with a microvascular clamp. The inci-
sion wound was closed with interrupted sutures (4-0 nylon
sutures), and the animals were allowed to awaken during
the remaining reperfusion time. The harvested muscles were
frozen in isopentane chilled in liquid nitrogen and stored at
−80∘C. For the miRNA array experiments, isolated skeletal
muscles of C57BL/6 mice after 2 h of ischemia and 0 h, 4 h,
1 d, and 7 d of reperfusion and of 𝑇𝑙𝑟4−/− and 𝑁𝐹-𝜅𝐵−/−
mice after 2 h of ischemia and 1 d of reperfusion were used
in 3 replicate experiments. For the whole genome array
experiments, isolated skeletal muscles of C57BL/6 mice after
2 h of ischemia and 24 h of reperfusion were used in 2
replicate experiments.

2.2. RNA Isolation. Total RNA was extracted using the
mirVana miRNA Isolation kit (Ambion, Austin, TX, USA).
For the miRNA and whole genome expression analyses,
the purified RNA yield was determined by absorbance at
260 nm by using an SSP-3000 Nanodrop spectrophotometer
(Infinigen Biotech, City of Industry, CA, USA), and RNA
quality was evaluatedwith a Bioanalyzer 2100 system (Agilent
Technologies, Palo Alto, CA, USA).

2.3. miRNA Array Analysis. The Mouse & Rat miRNA
OneArray v3 (Phalanx Biotech Group, Hsinchu, Taiwan)
contains a total of 4104 probes, including 144 experimental
control probes, 1111 unique mouse miRNA probes, and 680
rat miRNA probes, based on miRBase version 17. Mouse
genome-wide miRNAmicroarray analysis was performed by
Phalanx Biotech. Briefly, fluorescent targets were prepared
from 2.5 𝜇g total RNA by using the miRNA ULS Labeling
Kit (Kreatech Diagnostics, Amsterdam, The Netherlands).
Labeled miRNA targets enriched using NanoSep 100K (Pall
Corporation, PortWashington, NY, USA) were hybridized to
the Mouse & Rat miRNAOneArray v3 in Phalanx hybridiza-
tion buffer by using the OneArray Hybridization Chamber.
After overnight hybridization at 37∘C, nonspecifically bound
targets were removed by 3 washing steps (wash I, at 37∘C
for 5min; wash II, at 37∘C for 5min and at 25∘C for 5min;
and wash III, rinse 20 times at 37∘C). The slides were dried
by centrifugation and scanned using an Axon 4000B scan-
ner (Molecular Devices, Sunnyvale, CA, USA). The signal
intensities of Cy5 fluorescence in each spot were analyzed
using theGenePix 4.1 software (MolecularDevices, CA,USA)
and processed using the R program. We filtered out spots for
which the flag was <0, and spots that passed these criteria
were normalized using a 75% media scaling normalization
method. Normalized spot intensities were converted into
gene expression log

2

ratios for the control and treatment
groups. Spots with log

2

ratios ≤ −1 or ≥1 and 𝑃 values <0.05
were selected for further analysis.The differentially expressed
miRNAs were subjected to hierarchical cluster analysis by

using average linkage and Pearson correlation as a measure
of similarity. Five miRNAs detected by array analysis were
selected and were quantified by qPCR using the Applied
Biosystems 7500 Real-Time PCR System (Life Technologies)
to confirm the upregulation of miRNA expression in the
muscle of C57BL/6mice after 2 h of ischemia and 1 d of reper-
fusion. Each miRNA expression was represented relative to
the expression of small RNA 4.5S used as an internal control.
The expression fold of induction was given in terms of the
relative expression values obtained from 4 samples against
that from the muscles of the sham control group.

2.4. Ribonucleoprotein Immunoprecipitation. RIP-chip, that
is, immunoprecipitation of RNA-induced silencing com-
plexes (RISC) with an Ago2-specific monoclonal antibody
followed by RNA extraction and subsequent quantification
of mRNAs on microarrays, has recently been utilized to
identify mRNAs that are associated with the RNA-silencing
machinery and are therefore targets of cellular miRNAs [35–
38]. In brief, 200𝜇g of total muscle protein was diluted with
200𝜇L of PBS buffer (pH 7.4). For each sample, 25𝜇L of
protein A/G plus agarose (Santa Cruz) was washed with
PBS and incubated with 2 𝜇g of rabbit anti-Ago2 (Abcam,
MA, USA) or rabbit normal IgG (Santa Cruz) antibodies for
2 h at 4∘C. The beads containing the immobilized anti-Ago2
antibody were then added to 400 𝜇L of diluted serum and
incubated for 4 h at 4∘C.The beads were washed 3 times with
1% NT-2 buffer (1% Nonidet P-40, 50mM Tris-HCl, pH 7.4,
150mMNaCl, and 2mMEDTA) and the mixture was split in
half. One-half of each sample was eluted in 2 × SDS sample
buffer and subjected to SDS/PAGE and immunoblotting with
a mouse anti-Ago2 antibody (Santa Cruz, CA, USA) to detect
Ago2. The other half of each sample was eluted in 600𝜇L
of lysis/binding buffer from the mirVana miRNA Isolation
Kit (Life Technologies, NY, USA) and processed for RNA
isolation. The RNA pellet was used for oligo-dT purification
and library generation.

2.5. Whole Genome Microarray Analysis. The microarray
experiments were carried out following the manufacturer’s
protocols. In brief, 0.5𝜇g of the total RNA was amplified
using the Fluorescent Linear Amplification Kit (Agilent
Technologies, USA) and labeled with Cy3-CTP or Cy5-CTP
(CyDye, PerkinElmer, USA) during in vitro transcription.
RNA from ischemic muscles was labeled with Cy5 and
control RNA was labeled with Cy3. Then, 0.825𝜇g of Cy-
labeled cRNA was cut into fragments of approximately 50–
100 nucleotides by incubation in the fragmentation buffer
(Agilent Technologies) at 60∘C for 30min. The fragmented
labeled cRNA was then pooled and hybridized to the Agilent
Mouse G3 Whole Genome Oligo 8 × 60KMicroarray (Agi-
lent Technologies) at 60∘C for 17 h. After washing and drying
by nitrogen gun blowing, the microarrays were scanned with
the Agilent microarray scanner (Agilent Technologies) at
535 nm for Cy3 and 625 nm for Cy5. The scanned images
were analyzed by Feature Extraction software 9.5.3 (Agilent
Technologies); imaging analysis and a normalization software
used to quantify the signal and background intensities for
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each feature substantially normalized the data by the rank-
consistency-filtering LOWESS method.

2.6. Prediction of Potential miRNA Target Genes. Potential
targets of the TLR4/NF-𝜅B-responsive miRNAs were
identified by a combined approach based on the commonly
used web tool for bioinformatics algorithms miRanda
(http://www.microrna.org/microrna/home.do) and whole
genome microarray hybridization analysis of dysregulated
mRNAs before and after Ago2 immunoprecipitation of the
muscle lysates. The in silico predicted target genes were
compared to the list of 2-fold upregulated mRNA transcripts
isolated by immunoprecipitation with Ago2, which implies
the presence of these mRNAs in the Ago2 complex, and with
the list of 2-fold downregulated mRNA transcripts identified
in the whole genome microarray experiments. The genes
identified by both methods were considered as potential
target genes regulated by a given miRNA.

3. Results

3.1. miRNAExpression Profile. miRNA expression in ischemic
muscles was considered differentially regulated if the mean
values for all samples demonstrated more than 2-fold
difference compared with those for the control muscles,
with 𝑃 value <0.05 by miRNA array analysis. Unsupervised
hierarchy clustering was used to group the experimental
muscle samples of C57BL/6 mice and 𝑇𝑙𝑟4−/− and𝑁𝐹-𝜅𝐵−/−
mice into separate clusters (Figure 2). The significantly
upregulated miRNA targets from the muscles of C57BL/6
mice subjected to ischemia for 2 h followed by 0 h, 4 h,
1 d, or 7 d reperfusion were identified by miRNA arrays
and are shown in Table 1 (detailed information in the
Supplementary File 1 in Supplementary Material available
online at http://dx.doi.org/10.1155/2014/410721). There were
1, 1, 128, and 59 upregulated miRNA targets in the ischemic
muscles of C57BL/6 mice subjected to 0 h, 4 h, 1 d, or
7 d of reperfusion, respectively. Ischemia for 2 h without
reperfusion induced upregulation of miR-21 expression
that could still be detected after reperfusion for 1 and 7 d.
In addition, miR-493 expression could be observed after
ischemia and reperfusion for 4 h and 1 d but did not last for
7 d. When miRNA expression was compared in the muscle
samples of C57BL/6 and 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− mice subjected
to 2 h of ischemia and 1 d of reperfusion, only 3 miRNAs
(miR-15a, miR-744, and miR-1196) showed significantly
increased expression in C57BL/6 mice and decreased
expression in 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− mice (Table 2). miRNA
array analysis showed that the expression of miR-1196, but
not miR-15a or miR-744, persisted till 7 d of reperfusion
(Table 1). Microarray and qPCR results of five miRNA
targets including miR-15a, miR-744, and miR-1196 in the
experimental muscle of C57BL/6 mice after 2 h of ischemia
and 1 d of reperfusion were in general agreement, with a
Pearson correlation value of 0.912 (Supplementary File 2).

3.2. RIP-Chip and Whole Genome Microarray Analyses. RIP-
chip is a high-throughputmethod to identifymRNAs that are

targeted by RNA-binding proteins (RBP) or ribonucleopro-
teins (RNP), such as RNA-induced silencing complex (RISC),
based on immunoprecipitation (IP) of the RBP, or RNP with
associated mRNAs followed by microarray [37, 39]. The pro-
tein of interest is immunoprecipitated, and the identity and
relative amount of mRNA associated with it are measured on
microarrays. SincemiRNA function ismediated by argonaute
2 (Ago2) proteins in the RISC, an anti-Ago2 antibody was
used to isolate global miRNA targets from the muscle sample
under different experimental conditions, which we identified
using a genome-wide comparative hybridization microarray.
Immunoblotting with antibodies against Ago2 showed the
presence of Ago2 proteins in immunocomplexes following
immunoprecipitation (Figure 3); without immunoprecipita-
tion, the Ago2 levels in the muscle specimens were below
the limit of detection of immunoblotting. In addition, the
absence of Ago2 in the negative-control IgG immunoprecip-
itates demonstrated the specificity of Ago2 precipitation with
the anti-Ago2 antibody. Expression profiling of 2 replicates
of array data of the IRI muscle samples against those of
sham control mice was performed using the whole genome
microarray, which showed 881 significantly (2-fold or greater)
downregulated gene transcripts in the muscles of mice after
ischemia and reperfusion for 1 d. In addition, the Ago2
RIP-chip assay showed 1433 significantly upregulated gene
transcripts in the Ago2-pull down mRNA pool in the IRI
muscles compared to those from the sham control mice.

3.3. Identification of Potential miRNA-Regulated Genes.
Potential target genes regulated by a given miRNA were
identified by in silico prediction and microarray hybridiza-
tion of Ago2 coimmunoprecipitates.The combined approach
showed 5, 4, and 20 potential target genes for miR-15a, miR-
744, and miR-1196, respectively, in the IRI muscle samples
(Table 3). Three genes were regulated by at least 2 of these
3 upregulated miRNAs; that is, zinc finger BED domain
containing 4 (Zbed4)was regulated bymiR-15a,miR-744, and
miRR-1196; leucine-rich repeat and sterile alpha motif con-
taining 1 (Lrsam1), by miR-15a and miR-744; and the DEAD
(Asp-Glu-Ala-Asp) box polypeptide 21 (Ddx21), by miR-744
and miR-1196. The array data have been deposited in Gene
Expression Omnibus (accession number GEO: GSE47730).

4. Discussion

In the present study, we investigated the miRNA expression
profile of miRNAs in the isolated thigh skeletal muscle of
mice subjected to IRI. The considerable change in miRNA
expression at 1 and 7 d after IRI suggests that miRNAs
may play critical roles in regulating the expression of genes
in injured muscles. Among the dysregulated miRNAs, 3
TLR4/NF-𝜅B-responsive miRNAs, miR-15a, miR-744, and
miR-1196, were significantly upregulated in the skeletal mus-
cles of C57BL/6 mice following IRI, but their expression
notably decreased in similarly treated 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/−
mice. In this study, there were 1, 1, 128, and 59 upregulated
miRNA targets in the ischemic muscles of C57BL/6 mice
subjected to 0 h, 4 h, 1 d, or 7 d of reperfusion, respec-
tively. In ischemia, the vessel pedicle was occluded by
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Table 2: Tlr4/NF-𝜅B-responsive miRNA targets differentially
expressed in the muscles of C57BL/6 and 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− mice
after 2 h of ischemia and 1 d of reperfusion, identified by a miRNA
array.

Fold of expression (log
2

)
C57BL/6 TLR4 KO mice NF-𝜅B KO mice

miR-15a 2.63 −1.11 −1.10
miR-744 1.92 −2.36 −2.41
miR-1196 1.87 −1.78 −1.50

Ago2 IP IgG IP

Ago2

IgG

+−

Figure 3: Immunoblotting analysis of muscle lysates before and
after Ago2 immunoprecipitation. Total lysates (−) and precipitates
with the Ago2 antibody (+) and control IgG (IgG IP) were separated
by SDS-PAGE and probed with the Ago2 antibody to determine the
presence of Ago2 proteins.

the microclamp and cellular infiltration through the vessel
pedicle to themuscle is not possible; therefore, in comparison
to the very early stage of reperfusion at 0 h and 4 h, the
abundant expression of miRNAs at 1 d and 7 d may be
attributed to the infiltrated cells into the muscle after release
of the microclamp. It had been reported that the inflam-
matory signals and neutrophil and monocyte infiltration
were less in the TLR4 knockout mice [10] and therefore
these three different expressed miRNAs between C57BL/6
as well as 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− mice may be also attributed
to the infiltrated cells in the muscle. However, identifying
the exact secreted origin of these three miRNAs require
further extensive investigation. In addition, because there are
signal pathways shared differently between TLR4 andNF-𝜅B,
further use of MyD88 and TRIF knockout mice may help
to clarify more details in the miRNAs expression through
this pathway. Among these 3 upregulated miRNAs, miR-
15a showed increased expression in response to myocardial
IRI [40], but association of miR-744 and miR-1196 with IRI
has not been previously reported. Notably, miR-744-directed

posttranscriptional regulation of TGF-𝛽1 is of central impor-
tance in wound healing, inflammation, and progressive tissue
fibrosis, in human proximal tubular epithelial cells HK-2 [41].
miR-15a inhibits angiogenesis through direct inhibition of
endogenous endothelial FGF2 and VEGF during hindlimb
ischemia [42]. In human, vascular endothelial growth factor-
A and AKT-3 were validated as direct targets of miR-15a, and
their protein levels were reduced in miR-15a-overexpressing
circulating proangiogenic cells of healthy patients and those
with critical limb ischemia [43]. Overexpression of miR-
15a impaired survival and migration of healthy circulating
proangiogenic cells; conversely, miR-15a inhibition improved
the impaired migration of circulating proangiogenic cells
in critical limb ischemia [43]. Transplantation of healthy
circulating proangiogenic cells engineered to overexpress
anti-miR-15a improves postischemic recovery in blood flow
and muscular arteriole density in mice [43]. In addition,
in a mouse model of skeletal ischemia by surgical excision
of the left femoral artery, histological analysis revealed a
35% increase in the capillary density of ischemic muscles
compared with contralateral ones, indicative of spontaneous
angiogenesis [44]. However, the exact role of miR-15a in
angiogenesis after muscle IRI requires further experiments
with miR-15a overexpression or inhibition for validation.

In this study, we observed that muscle ischemia for 2 h
without reperfusion could induce upregulation of miR-21
expression, which could still be detected after 1 and 7 d of
reperfusion. Overexpression of miR-21 has been reported to
have an antiapoptotic effect and to protect against hydrogen
peroxide-induced injury of cardiac myocytes via the AP-1
pathway by targeting the programmed cell death 4 (PDCD4)
gene [45]. In addition, significant induction of miR-21 has
been detected in the heart following whole-body heat shock
[46]. Injection of exogenous synthetic miR-21 significantly
reduces infarct size in the heart, which can be reversed by
a miR-21 inhibitor [46]. In our previous study on ischemic
injury in the rat gracilis muscle, we observed increased
expression of miR-21 during IRI and identified 4 miR-21
potential target genes (Nqo1, Pdpn, CXCL3, and Rad23b)
by using different prediction algorithms and monitoring
miRNA and mRNA expression at different time points on
a genome-wide basis [47]. Although the expression of miR-
21 was not induced in 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− mice, miR-21
must play an important role in modulating gene expression
following IRI. Furthermore, it should be noted that although
there is a body of evidence for the central role of TLR4
in signaling tissue injury and this study demonstrates that
the 𝑇𝑙𝑟4−/−/𝑁𝐹-𝜅𝐵−/− pathway transduces signals generated
by IRI, other TLR family members may participate in the
recognition of endogenous molecules triggered by tissue
injury [48].

In this study, 3 genes (Zbed4, LRSAM1, and Ddx21) were
found to be regulated by at least 2 of the 3 miRNAs induced
after muscle IRI. Of the 3 genes, Lrsam1 and Ddx21 have
been reported to be associated with the innate immunity
pathway. However, there was no report of these three genes
related to IRI that could be found from the literature. During
innate immune sensing, detection of pathogen-associated
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Table 3: Potential target genes for miR-15a, miR-744, andmiR-1196 in the IRImuscles, identified by computational prediction combined with
RNA-binding protein immunoprecipitation microarray profiling.

Accession Gene Definition
miR-15a

NM 181412 Zbed4 Mus musculus zinc finger, BED domain containing 4
NM 199302 Lrsam1 Mus musculus leucine-rich repeat and sterile alpha motif containing 1
NM 153522 Scn3b Mus musculus sodium channel, voltage-gated, type III, beta
NM 178378 Iqcg Mus musculus IQ motif containing G
NM 008011 Fgfr4 Mus musculus fibroblast growth factor receptor 4

miR-744
NM 181412 Zbed4 Mus musculus zinc finger, BED domain containing 4
NM 199302 Lrsam1 Mus musculus leucine-rich repeat and sterile alpha motif containing 1
NM 019553 Ddx21 Mus musculus DEAD (Asp-Glu-Ala-Asp) box polypeptide 21
NM 001024602 AW555464 Mus musculus expressed sequence AW555464

miR-1196
NM 181412 Zbed4 Mus musculus zinc finger, BED domain containing 4
NM 177312 6330408A02Rik Mus musculus RIKEN cDNA 6330408A02 gene
NM 134052 Adi1 Mus musculus acireductone dioxygenase 1
NM 001012450 Ankrd6 Mus musculus ankyrin repeat domain 6
NM 019553 Ddx21 Mus musculus DEAD (Asp-Glu-Ala-Asp) box polypeptide 21
NM 010164 Eya1 Mus musculus eyes absent 1 homolog (Drosophila)
NM 010517 Igfbp4 Mus musculus insulin-like growth factor binding protein 4
NM 001038609 Mapt Mus musculus microtubule-associated protein tau
NM 008306 Ndst1 Mus musculus N-deacetylase/N-sulfotransferase (heparan glucosaminyl) 1
NM 001025613 Otud7b Mus musculus OTU domain containing 7B
NM 145457 Paip1 Mus musculus polyadenylate binding protein-interacting protein 1

NM 183028 Pcmtd1 Mus musculus protein-L-isoaspartate (D-aspartate) O-methyltransferase domain
containing 1

NM 018884 Pdzrn3 Mus musculus PDZ domain containing RING finger 3
NM 139269 Pla2g16 Mus musculus phospholipase A2, group XVI
NM 026164 Pnpla8 Mus musculus patatin-like phospholipase domain containing 8
NM 133485 Ppp1r14c Mus musculus protein phosphatase 1, regulatory (inhibitor) subunit 14c
NM 001081347 Rhobtb1 Mus musculus Rho-related BTB domain containing 1
NM 177766 Slc35e1 Mus musculus solute carrier family 35, member E1
NM 175132 Synpo2l Mus musculus synaptopodin 2-like
NM 027992 Tmem106b Mus musculus transmembrane protein 106B

molecular patterns by TLRs typically involves leucine-rich
repeats (LRRs) [49]. The LRR protein LRSAM1 (leucine-rich
repeat and sterile 𝛼-motif containing 1) plays an essential
role in antibacterial autophagy [49]. The functional siRNA
approach has been used to show that knockdown of Lrsam1
results in reduction in anti-Salmonella autophagy [49].
Lrsam1 has the E3 ubiquitin-protein ligase domains which
mediate monoubiquitination of tumor susceptibility gene
(TSG) 101 at multiple sites and regulates receptor endocytosis
by inactivating the ability of TSG101 to sort endocytic and
exocytic cargos [50].

Ddx21 is one of the DEx(D/H) box RNA helicases that
unwind RNA structure or disrupt RNA-protein interactions
during cellular processes requiringmodulation of RNA struc-
tures [51]. RNAhelicase Ddx21 is necessary for the processing

of 20S pre-rRNA into 18S rRNA and for the stability of
28S rRNA in Xenopus [52]. Human Ddx21 has also been
shown to be critical for the production of 28S and 18S rRNAs
[53]. In innate immunity, the direct interaction between
the AP-1 transcription factor c-Jun and Ddx21 regulates the
nucleolar localization of Ddx21 [54]. Ddx21 helicases form
a complex with the adaptor molecule TRIF to sense dsRNA
and activate type I interferon responses in the cytosol of
dendritic cells [55]. In general, miRNAs downregulate TLR
signaling by targeting downstream signalingmolecules rather
than shutting down the TLR pathway completely by blocking
receptor expression [26]. For example, IRAK1 and TRAF6,
2 central adaptor kinases in the TLR downstream signaling
cascade, are targeted by miR-146 [56]. MyD88 has also been
identified as a target for miR-155 in the study of miR-155
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expression [57]. In another study,miR-145was found to target
MAL, which is the bridging adaptor between TLR2- and
TLR4-mediated MyD88-dependent signaling [58].

In addition, zinc finger proteins are among the most
common regulatory factors in eukaryotes. A subclass of these
proteins contains the recently identified BED finger DNA-
binding domain, and these proteins are thought to function
as either transcription activators or repressors by modifying
the local chromatin structure through binding to GC-rich
sequences [59, 60]. Mouse Zbed4, like its human ortholog,
has 2 nuclear receptor-interacting motifs (LXXLL) char-
acteristic of coactivators/corepressors of nuclear hormone
receptors [60]. Zbed4 has been reported to interact with
estrogen receptor alpha (ER𝛼) and cellularmyosin 9 (MYH9)
in retinoblastoma cells [61]. However, association of Zbed4
with innate immunity has not yet been reported.

Although bioinformatics remains a helpful tool for pre-
dicting the targets of specific miRNAs, experimental valida-
tion by combined analysis of miRNA and mRNA expression
provides conclusive evidence [62]. Investigation of the asso-
ciation betweenmiRNA andmRNA expression on a genome-
wide basis provides an analytical approach for identifying
miRNA target genes [63–65]. However, such a combined
approach might be still oversimplistic for relating miRNAs
and their predicted targets primarily on the basis of the
number of consensus sites in the 3UTR because an exact
match to the sequence of the seed region is not required.
RIP-chip analysis combined with the Ago2 machinery is
helpful for increasing specificity in calculating the correlation
between miRNAs and mRNAs and identifying subsets of
RNAs with related functions that are potentially coregulated
in RNP complexes [66, 67]. While the RIP-chip assay can
identify high-confidence miRNA targets, it may produce a
smaller number of predicted targets after correlation with a
stricter prediction algorithm, considering the accuracy and
reproducibility of the whole genome array and the possibility
that there might be some unidentified target genes repressed
only during translation but not through mRNA degradation.
Further gain-of-function or loss-of-function experiments
will help in elucidating the exact roles of the identified target
genes for each miRNA.

5. Conclusions

This study has profiled TLR4/NF-𝜅B-responsive miRNAs
(miR-15a, miR-744, and miR-1196) in thigh skeletal muscle
isolated following IRI and identified their potential target
genes by using prediction algorithms and RNA-binding
protein immunoprecipitation microarray profiling of Ago2
immunoprecipitated complexes. Although the exact roles of
the IRI-upregulated miRNAs remain to be elucidated, this
study provides novel insights into the epigenetic regulation
in skeletal muscle following IRI.
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