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ABSTRACT. The critical role of ATP-binding cassette B1 (ABCB1) 
in the function of the blood-brain barrier led us to conducted this 
prospective study in order to investigate the clinical outcome of patients 
suffering from severe traumatic brain injury. A total of 182 patients 
with traumatic brain injury were included in our study. Genotyping of 
ABCB1 C3435T and G2677T/A was conducted using polymerase chain 
reaction-restriction fragment length polymorphism. Using multivariate-
logistic regression analysis, we found that patients carrying the 
CT+CC genotype of ABCB1 C3435T were more likely to have a better 
neurological outcome when compared with the TT genotype (odds ratio 
= 2.71, 95% confidence interval = 1.12-6.86). However, no significant 
association was found between the G2677T/A polymorphism and 
outcome of traumatic brain injury patients. Our study provides important 
information regarding the prognostic value of ABCB1 C3435T, and the 
ABCB1 C3435T polymorphism may be used as a predictive marker for 
the outcome of traumatic brain injury patients.
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INTRODUCTION

Traumatic brain injury (TBI) is a serious disease and a leading cause of death and 
disability. An estimated 50,000 TBI-related deaths occurred in the United States in 2006 (Lan-
glois et al., 2006). Primary injury is not the main cause of TBI, and traumatic space-occupying 
lesions and cerebral edema combined with raised intracranial pressure are the main causes 
of hypoxic ischemic damage. These subsequent complications typically cause herniation of 
brain tissue, inadequate cerebral perfusion, ischemia, or death (Miller et al., 1977; Padayachy 
et al., 2010). Numerous factors play important roles in the clinical outcome of TBI, including 
primary injury and treatment. Patients with TBI often show different clinical outcomes, even 
with similar pre-hospital treatment and demographics, suggesting that genetic factors play an 
important role in the clinical outcome of TBI. Previous studies showed that genetic factors, 
such as interleukin factors, kidney and brain-expressed protein, neurofilament, heavy polypep-
tide, endothelial nitric oxide synthase 3, and poly(ADP-ribose) polymerase-1, can modify the 
pathophysiology and clinical outcome following TBI (Davidson et al., 2015).

ATP-binding cassette transporters, namely ABC proteins, are the main transport su-
perfamilies and are responsible for regulating drug substrate absorption, distribution, and ex-
cretion (Leslie et al., 2005) across the blood-brain barrier (Hartz and Bauer, 2011). Previous 
studies have shown that ATP-binding cassette transporters can increase the active efflux of 
therapeutic substances in many central nervous system diseases, including nervous system 
neoplasms, psychiatric disorders, and epilepsy (Löscher and Potschka, 2005; Cotte et al., 
2009). P-glycoprotein is encoded by the ATP-binding cassette B1 (ABCB1) gene and is an 
efflux transporter located on the luminal side of intestinal epithelial cells (Hoffmeyer et al., 
2000). ABCB1 C3435T and G2677T/A are the most frequently observed gene polymorphisms 
in the ABCB1 gene and have been correlated with altered P-glycoprotein and lowered intes-
tinal P-glycoprotein expression (Kim et al., 2001; Samanian et al., 2011). Several studies 
showed that ABCB1 polymorphisms are associated with increased protein expression and anti-
epileptic drug resistance in Caucasian and Egyptian populations (Siddiqui et al., 2003; Ebid et 
al., 2007; Basic et al., 2008). 

No studies have reported the role of ABCB1 gene polymorphisms on the clinical out-
come of TBI. Because of the critical role of ABCB1 in the functional blood-brain barrier, we 
conducted a prospective study to investigate the clinical outcomes of patients suffering from 
severe TBI.

MATERIAL AND METHODS

Patient recruitment and data collection

This prospective study was performed in the First Affiliated Hospital of Xinjiang 
Medical University between January 2010 and December 2011. A total of 182 patients with 
TBI were included in our study. Patients were included in the study if they had severe TBI and 
less than or equal to 8 as an initial value or deterioration in the Glasgow Coma Scale (GCS). 
Patients were excluded if they were diagnosed with a previous deficit in the central nervous 
system, penetrating TBI, and cardiac or respiratory arrest. 

All patients signed informed consent for blood sample collection. The samples were used 
to establish the role of genetic polymorphisms in the prognosis of TBI. The study protocol was 
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approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University.
Demographic and clinical data were obtained from medical records and included gen-

der, age, pattern of brain injury defined by computed tomography as focal mass lesion or dif-
fuse injury, and initial clinical severity by GCS.

Outcome measure

All patients were followed up by direct interview in the clinic or by telephone every 4 
weeks for 24 months. The primary outcome of TBI was assessed using the Glasgow Outcome 
Scale (GOS) score. During the follow-up period, the GOS scores were gained for all patients 
at 6 months. The Injury Severity Score (ISS) was assessed by trauma surgery doctors.

Genotyping

Each patient was asked to provide a sample of 5 mL venous blood, which was stored 
at -20°C. Genomic DNA was extracted from venous blood using the TIANamp blood DNA kit 
(Tiangen Biotech, Beijing, China) according to the manufacturer’s instructions. Genotyping of 
ABCB1 C3435T and G2677T/A was conducted using polymerase chain reaction (PCR)-restric-
tion fragment length polymorphism. Primers for ABCB1 C3435T and G2677T/A were designed 
using the Sequenom Assay Design 3.1 software (Sequenom, San Diego, CA, USA). The PCR 
included the following steps: 94°C for 2 min, 35 cycles at 94°C for 30 s, with the annealing tem-
perature reduced to 64°C for 30 s, and 72°C for 1 min. For ABCB1 C3435T, the PCR product 
was 244 bp and digested with MboI. For G2677T/A, the PCR product was 224 bp and digested 
with BanI. Finally, DNA sequencing was performed to validate the genotyping results.

Statistical analysis

All analyses were performed using the SPSS 13.0 software for Windows (SPSS, Inc., 
Chicago, IL, USA). Correlation between the ABCB1 C3435T and G2677T/A polymorphisms 
and the primary outcome of TBI (GOS at 6 months) was assessed using odds ratios and 95% 
confidence intervals from multivariate-logistic regression analysis. Homozygotes for the most 
frequent allele were regarded as the reference group. The clinical variables were statistically 
analyzed to assess their influence on the outcome of TBI patients. All P values were two-tailed, 
and differences were considered to be statistically significant when P < 0.05.

RESULTS

The demographic characteristics and gene frequencies of the patients included are 
shown in Table 1. The mean age of the TBI subjects was 34.8 ± 11.6 years. Of the 182 TBI 
patients, 123 (67.58%) were males and 59 (32.42%) were females. The mean initial GCS score 
was 5.8 ± 1.6, and the mean ISS was 33.2 ± 7.5. The TT, TC, and CC genotype frequencies of 
ABCB1 C3435T were 31 (17.03%), 96 (52.75%), and 55 (30.22%), respectively. The GG, GT/
GA, and TT/AA genotype frequencies of G2677T/A were 26 (14.29%), 87 (47.80%), and 69 
(37.91%), respectively.
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Table 1. Demographic characteristics of the patients included.

Variables	 Patients (N = 182)	 %

Age [years (means ± SD)]	   34.8 ± 11.6	
   <35	 103	 56.59 
   ≥35	  79	 43.41 
Gender		
   Male	 123	 67.58 
   Female	  59	 32.42 
Mean initial GCS score	   5.8 ± 1.6	
Mean ISS	 33.2 ± 7.5	
ABCB1 C3435T		
   TT	 31	 17.03 
   CT	 96	 52.75 
   CC	 55	 30.22 
ABCB1 G2677T/A		
   GG	 26	 14.29 
   GT/GA	 87	 47.80
   TT/AA	 69	 37.91

Based on multivariate-logistic regression analysis, we found that ABCB1 C3435T was 
independently associated with GOS at 6 months after adjusting for gender, age, initial GCS 
score, and ISS, and patients carrying the CT+CC genotype of ABCB1 C3435T were more 
likely to have a better neurological outcome than the patients with the TT genotype (odds ratio 
= 2.71, 95% confidence interval = 1.12-6.86) (Table 2). However, we found no significant as-
sociation between the G2677T/A polymorphism and TBI patient outcome.

DISCUSSION

In this study, we reported that the C3435T polymorphism was associated with the 
outcome of TBI and that the CT+CC genotype of ABCB1 C3435T was associated with a better 
neurological outcome of TBI when compared with the TT genotype.

The C allele in ABCB1 C3435T may structurally alter substrate interaction sites and af-

GCS = Glasgow Coma Scale; ISS = Injury Severity Score.

Table 2. Association between ABCB1 C3435T and G2677T/A and prognosis of traumatic brain injury patients.

Variables		                C3435T			  OR (95%CI)	 P		                      G2677T/A			  OR (95%CI)	 P

	 TT	 %	 CT+CC	 %			   GG	 %	 GT/GA+TT/AA	 %		

Age (years)
   <35	 18	 58.06	   85	 56.29 	 1.0 (Ref.)	 -	 15	 57.69 	   88	 56.41 	 1.0 (Ref.)	 -
   ≥35	 13	 41.94	   66	 43.71 	        0.93 (0.39-2.17)	 0.86	 11	 42.31 	   68	 43.59 	       0.95 (0.37-2.37)	 0.90
Gender												          
   Male	 20	 64.52	 103	 68.21 	 1.0 (Ref.)	 -	 17	 65.38 	 106	 67.95 	 1.0 (Ref.)	 -
   Female	 11	 35.48	   48	 31.79 	        1.18 (0.47-2.83)	 0/69	   9	 34.62 	   50	 32.05 	       1.12 (0.41-2.89)	 0.90
Mean initial 
GCS score
   <5.5	 14	 45.16	   64	 42.38 	 1.0 (Ref.)	 -	 12	 46.15 	   66	 42.31 	 1.0 (Ref.)	 -
   ≥5.5	 17	 54.84	   87	 57.62 	        0.89 (0.38-2.11)	 0.76	 14	 53.85 	   90	 57.69 	       0.86 (0.34-2.17)	 0.71
Mean ISS
   <33	 14	 45.16	   71	 47.02 	 1.0 (Ref.)	 -	 11	 42.31 	   74	 47.44 	 1.0 (Ref.)	 -
   ≥33	 17	 54.84	   80	 52.98 	        1.08 (0.46-2.55)	 0.85	 15	 57.69 	   82	 52.56 	       1.23 (0.49-3.16)	 0.63
GOS at 6 months												          
   <3	 10	 32.26 	   85	 56.29 	 1.0 (Ref.)	 -	   9	 34.62 	   86	 55.13 	 1.0 (Ref.)	 -
   ≥3	 21	 67.74 	   66	 43.71 	        2.71 (1.12-6.86)		  17	 65.38 	   70	 44.87 	       2.32 (0.91-6.27)	 0.05

GCS = Glasgow Coma Scale; ISS = Injury Severity Score; GOS = Glasgow Outcome Scale.
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fect protein expression levels potentially by causing a translation pause because of the introduc-
tion of a rare codon (Hoffmeyer et al., 2000; Kimchi-Sarfaty et al., 2007; Fung and Gottesman, 
2009). We found that the C allele of ABCB1 C3435T was likely to be associated with a favorable 
neurological outcome of TBI. The association between the ABCB1 C3435T polymorphism and 
TBI outcome can be explained by an alteration in the pharmacologic substrate carrying capac-
ity, altered transport of unknown endogenous substrates, or disruption of the blood-brain barrier 
function.

Membrane-bound transporter function can be altered by silent mutations, and changes 
in protein folding can influence neurologic outcome by disturbing transporter binding and 
transport of the substrate. Moreover, exogenous and endogenous transport may be affected 
in the presence of genotype polymorphisms. Previous studies have shown that the ABCB1 
C3435T gene polymorphism plays an important role in antiepileptic medications by decreas-
ing ABCB1 transporter function (Siddiqui et al., 2003; Hung et al., 2007; Kwan et al., 2007; 
Basic et al., 2008). Kwan et al. (2007) reported that patients with drug-resistant epilepsy were 
more likely to have the TT genotype compared to patients with drug-responsive epilepsy, 
which agreed with our results. However, Siddiqui et al. (2003) reported that patients with 
drug-resistant epilepsy were more likely to have the CC genotype for the ABCB1 C3435T 
gene compared to the TT genotype. 

Several studies have investigated the association between ABCB1 polymorphisms and 
neurological disease (Liang et al., 2013; Cousar et al., 2013; Emich-Widera et al., 2013; Seven 
et al., 2014). Cousar et al. (2013) reported that the C allele of ABCB1 C3435T was associated 
with a better outcome of TBI patients compared with those carrying the T allele. However, 
Seven et al. (2014) reported that the MDR1 C3435T and G2677T/A polymorphisms were not 
associated with antiepileptic drug resistance in Turkish epileptic patients. These inconsistent 
results may have been because different ethnicities were used, differences in sample size, or 
by chance. Further studies are needed to determine the potential role of the ABCB1 C3435T 
polymorphism in the outcome of TBI patients. 

There were several limitations to our study. First, the cases were selected from one 
hospital and thus may not have been representative of the general population. Some selection 
bias may have occurred because the patients were not a random sample of TBI patients and 
may not represent the actual situation of these patients. Second, the relatively small number 
of TBI cases may have limited the statistical power of identifying differences between groups. 
Third, other factors may affect the clinical outcome of TBI patients besides the ABCB1 gene. 
Therefore, further larger sample sizes should be used to investigate the association between 
ABCB1 gene polymorphisms and the outcome of TBI patients.

In conclusion, we found that the ABCB1 C3435T polymorphism affected the clinical 
outcome of TBI patients. Our results have prognostic value, and the ABCB1 C3435T polymor-
phism may be used as predictive marker for the outcome of TBI patients.
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