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THE EXPRESSION OF GENES ADEB AND ADEJ IN PATIENTS RESISTANT TO DRUG TIGECYCLINE 
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ABSTRACT

Objective: To investigate the effect of overexpression of efflux pump genes adeB and adeJ on the sensitivity of tigecycline resist-
ance in carbapenems-resistant Acinetobacter baumannii strains. Methods: A total of 137 strains of meropenem-and imipenem-resistant 
Acinetobacter baumannii isolates from in-patient samples from our hospital within the period May 2016 to November 2017 were se-
lected. The ATCC25922 E. coli quality control strain was used to determine the minimal inhibitory concentrations (MIC) of tigecycline 
against Acinetobacter strains, with broth microdilution method and efflux pump inhibition experiments. The relative expression levels 
of adeB and adeJ, were determined with RT-PCR, and their differences were analyzed. 

Results: A total of 137 strains of carbapenems-resistant Acinetobacter baumannii were collected. They comprised 25 (18.25 
%) tigecycline non-susceptible A. baumannii (TNAB) strains and 112 (81.75 %) tigecycline-susceptible A. baumannii (TSAB) strains. 
After exposing the strains to efflux pump inhibitors, the MIC of tigecycline non-susceptible A. baumannii was significantly decreased 
(p<0.05). There were no statistically significant differences between frequencies of adeB and adeJ between tigecycline non-susceptible 
A. baumannii strains and tigecycline susceptible A. baumannii strains (p>0.05). However, the relative expression levels of adeB and 
adeJ in tigecycline-susceptible A. baumannii strains were lower than those in the tigecycline non-susceptible A. baumannii (p<0.05). 

Conclusion: Overexpressions of efflux pump genes adeB and adeJ reduce the sensitivity of tigecycline resistance in carbapen-
ems-resistant Acinetobacter baumannii strains. 
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Introduction

Acinetobacter baumannii is a gram-negative 
bacillus without fermentation and motivation(1). As 
a conditional pathogen, Acinetobacter baumannii 
often infects people with low resistance, causing 
meningitis, endocarditis, wound infections and ge-
nito-urinary tract infections. In severe cases, it also 
results in sepsis, eventually leading to death. It is 
one of the pathogens responsible for nosocomial 
infections(2-3). Tigecycline, a glycocycline antibiotic 
with broad-spectrum antibacterial activity, is effec-
tive against various gram-negative and positive bac-
teria, as well as anaerobic bacteria. In recent years, 
carbapenem-resistant Acinetobacter baumannii has 
become a common pathogen in hospitals due to ex-
cessive use of antibiotics, and tigecycline is one of 
the few effective antibacterial drugs used for elimi-
nating it(4).

Many studies have demonstrated that efflux 
pump genes are closely related to drug-resistant 
Acinetobacter baumanniiì(5-6). The present study was 
carried out to investigate the effect of overexpression 
of the efflux pump genes adeB and adeJ on sensitiv-
ity of carbapenem-resistant Acinetobacter bauman-
nii to tigecycline, using Acinetobacter baumannii 
strains isolated from in-patients from our hospital.

Materials and Methods

Bacterial strains
A total of 137 strains of meropenem- or imipen-

em-resistant Acinetobacter baumannii isolated from 
in-patients in our hospital from May 2016 to November 
2017 were selected. All strains were identified as Acine-
tobacter baumannii. The quality control strains were Es-
cherichia coli strain ATCC25922, which was provided 
by Guangdong Huankai Microbial Sci. & Tech. Co., Ltd.
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Major instruments and reagents
The instruments and reagents used and their 

sources (in brackets) were: automatic bacteria identifi-
cation apparatus (Bio Mérieux, France, model: VITEK 
2 Compact); low temperature-high-speed centrifuge 
(Ai Bend, Germany, model: 524r); carbon dioxide 
constant-temperature incubator (Jinan Xin Beisi Bi-
otechnology Co., Ltd., model: QP- 80); fluorescence 
quantitative PCR apparatus (BIO-Rad, USA. mod-
el: CFX 96Touch), and gel electrophoresis imaging 
analyzer (Shanghai JiaPeng Technology Co., LTD., 
model: ZF-288). Others were super-clean worktable 
(Shanghai Precision Instrumentation Co., Ltd., model: 
VD-650); reverse transcription kit (Fermentas, USA, 
model: K1622); real-time PCR kit (BIO-Rad, USA); 
bacterial lysate (Shanghai Times) Biotechnology Co., 
Ltd.; injectable tigecycline (Zhengda Tianqing Phar-
maceutical Group Co., Ltd., specification: 5 mg/bottle, 
batch number: 2016010732); nutrient broth (BD Dif-
co, USA), and nutrient agar (BD Difco, USA).

Methods  
The meropenem- or imipenem-resistant Acineto-

bacter baumannii isolated from the in-patient speci-
mens and identified using the automatic bacteria iden-
tification apparatus was incubated in a 37 °C carbon 
dioxide incubator for 24 h. Acinetobacter baumannii 
and Escherichia coli were inoculated aseptically on 
agar medium and cultured at 37 °C for 24 h. The sensi-
tivity of carbapenem-resistant Acinetobacter bauman-
nii to tigecycline was tested with micro-broth dilution 
method, to determine the MIC against Acinetobacter 
baumannii. The criteria of tigecycline sensitivity was 
consistent with the interpretation criteria issued by the 
European Antibacterial Sensitivity Test Committee 
as adopted by Zheng et al.(7). Changes in the MIC of 
tigecycline-sensitive and -insensitivity strains were 
determined by efflux pump inhibition experiments. 
The strains were incubated on agar medium in a germ-
free condition and cultured in environment of 37 ℃ 
overnight. Single bacterial colonies were selected and 
configured into bacterial liquid. After complete disso-
ciation and centrifugation, the supernatant was used 
to isolate total RNA, and the RNA was subjected to 
RT-PCR to determine the relative expression levels of 
efflux pump genes adeB and adeJ in tigecycline-sensi-
tive and -insensitive strains.

Observation indicators
The observation indices were sensitivity of 

carbapenem-resistant Acinetobacter baumannii to 
tigecycline, changes in the MIC of tigecycline in 

each strain after efflux pump inhibition test, posi-
tive expressions of the efflux pump genes adeB and 
adeJ, and the relative expression levels of the efflux 
pump genes adeB and adeJ.

Statistical Analyses

All data were entered into the computer by two 
persons working independently, so as to ensure ac-
curacy of data entry. The data were analyzed with 
SPSS software version 21.0. Measurement data 
were analyzed with t-test, while enumeration data 
were analyzed with chi square test. p<0.05 were tak-
en as indicating statistically significant differences. 

Results

Sensitivity of carbapenem-resistant Acineto-
bacter baumannii to tigecycline   

The results of micro-broth dilution test 
showed that there were 112 tigecycline-sensitive 
strains of carbapenem-resistant Acinetobacter 
baumannii in 137 strains, accounting for 81.75 %, 
and 25 strains of tigecycline-insensitive strains, 
accounting for 18.25 %.

Changes in the MICs of tigecycline-sensi-
tive and tigecycline–insensitive strains after efflux 
pump inhibition test  

The growth of two tigecycline-sensitive Acine-
tobacter baumannii strains and 11 tigecycline-in-
sensitive Acinetobacter baumannii strains was well 
after culturing with efflux pump inhibitors. The 
MIC of tigecycline against tigecycline-sensitive 
Acinetobacter baumannii strains was slightly low-
er than that before culture (p > 0.05). On the other 
hand, the MIC of tigecycline against tigecycline - 
insensitive Acinetobacter baumannii strain to tige-
cycline was much lower than that before culture 
(p<0.05). These results are shown in Table 1.

MIC
(μg/ml)

Tigecycline-sensitive 
strain (n=2)

Tigecycline-insensitive 
(n=11)

Before culture 0.47±0.11 7.52±1.06

After culture 0.42±0.13 1.23±0.39

T 0.415 18.470

P 0.718 <0.0001

Table. 1: Comparison of the MICs of tigecycline in the 
two strains before and after efflux pump inhibition test. 
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Comparison of the presence of efflux pump 
genes adeB and adeJ in tigecycline-sensitive and 
non-sensitive strains 

As shown in Table 2, in the tigecycline-sen-
sitive and -insensitive Acinetobacter baumannii 
strains, the levels of efflux pump gene adeB were 
92.86 % (104/112) and 100.00 % (25/25), respec-
tively, and those of the efflux pump gene adeJ were 
95.54 % (107/112) and 96.00 % (24/25), respec-
tively. The differences were not statistically signif-
icant (p>0.05).

Comparison on the relative expression levels 
of efflux pump genes adeB and ade J in tigecy-
cline-sensitive and -insensitive strains 

The relative expression levels of efflux pump 
gene adeB and adeJ were much lower in the tige-
cycline-sensitive Acinetobacter baumannii strain 
than in the tigecycline-insensitive Acinetobacter 
baumannii strain (p<0.05), as shown in Table 3.

Discussion

With strong clonal transmission, Acinetobac-
ter baumannii often gives rise to infection when 
there is a decline in immunity, resulting in urinary 
tract, soft tissue, skin and wound infections, there-
by prolonging hospital stay, and posing a threat to 
survival of the patient(8). Due to unreasonable use 
of antibacterial drugs and the drug resistance of 
Acinetobacter baumannii, carbapenem-resistant 
Acinetobacter baumannii strains have continued to 
evolve, and drugs effective against carbapenem-re-
sistant Acinetobacter baumannii are becoming 
fewer, thus increasing the incidence of carbapen-
em-resistant Acinetobacter baumannii infection(9). 

Tigecycline is a glycyltetracycline antibiotic 
which is also known as diglyconin. Intravenous 
injection of tigecycline down-regulates bacteri-
al protein synthesis, thereby inhibiting bacteri-
al growth(10). Tigecycline has strong antibacterial 
activity against gram-negative, gram-positive and 
anaerobic bacteria. Since it was introduced in the 
United States in 2005, it has been effectively used 
for treating bacterial, pneumonia, abdominal cavi-
ty and skin infections in adults aged 18 years and 
above(11). The adverse reactions associated with 
tigecycline include mild-to-moderate nausea and 
vomiting and other gastrointestinal symptoms, 
which can be treated without special interventions. 
In addition, it has no obvious deleterious effects on 
the liver. Thus, the dose can be adjusted based on 
state of the patient's kidney, and the drug is more 
convenient than other antibiotics(12-13). Currently, 
tigecycline is the drug of choice against Acineto-
bacter baumannii, but the number of tigecycline-re-
sistant Acinetobacter baumannii has gradually in-
creased in recent years. Therefore, there is need to 
unravel the mechanism underlying the resistance of 
Acinetobacter baumannii(14).

Findings from several studies have shown that 
multiple types of pathogens exist in efflux pump 
system, which is closely related to the drug resist-
ance of pathogens(15-16). Being the main efflux pump 
genes in Acinetobacter baumannii, adeB and adeJ 
express their corresponding proteins and discharge 
various antibiotics from bacteria with the help of 
Na+/proton coupling exchange to reduce or elim-
inate the effect of antibiotics, resulting in drug re-
sistance by Acinetobacter baumannii(17). 

Results from micro-broth dilution method re-
vealed that there were 25 tigecycline-insensitive 
carbapenem-resistant Acinetobacter baumannii 

Group N adeB adeJ

Tigecycline-sensitive 
strain 112 104 107

Tigecycline-insensitive 
strain 25 25 24

χ2 0.820 0.011

P 0.365 0.918

Group N adeB adeJ

Tigecycline-sensitive 
strain 112 2.23±0.81 4.97±0.68

Tigecycline-insensitive 
strain 25 41.02±10.24 27.49±6.93

T -18.927 -16.231

P <0.001 <0.001

Table. 2: Distribution of efflux pump genes adeB and 
adeJ in tigecycline-sensitive and non-sensitive strains (n). 

Table. 3: Relative expression levels of efflux pump genes 
adeB and ade J in tigecycline-sensitive and -insensitive 
strains. 
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strains, accounting for 18.25 % of the total isolates. 
After the intervention of efflux pump inhibitors, the 
MIC of tigecycline-insensitive carbapenem-resist-
ant Acinetobacter baumannii strain was significant-
ly reduced, while there was no significant change in 
the MIC of the tigecycline-sensitive strains. This 
suggests that the expressions of the efflux pump 
genes are related to the sensitivity of carbapen-
em-resistant Acinetobacter baumannii to tigecy-
cline. The efflux pump genes adeB and adeJ were 
present in tigecycline-sensitive and -insensitive 
carbapenem-resistant Acinetobacter baumannii 
strains, but the relative expression levels of adeB 
and adeJ were much higher in the tigecycline-in-
sensitive strains than in the tigecycline-sensitive 
strains. This suggests that the higher the relative 
expression levels of efflux pump genes adeB and 
adeJ, the lower the sensitivity of carbapenem-re-
sistant Acinetobacter baumannii to tigecycline.

Conclusion

The expression levels of the efflux pump genes 
adeB and adeJ are closely associated with the drug 
resistance of carbapenem-resistant Acinetobacter 
baumannii. The overexpressions of adeB and adeJ 
may reduce the sensitivity of carbapenem-resistant 
Acinetobacter baumannii to tigecycling.
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