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Abstract
BTLA is a useful biomarker to characterize the immune states of sepsis patients. We inves-

tigated the association between genetic variations of BTLA and morbidity of sepsis and

MODS in severe traumatic patient. Three tag single nucleotide polymorphisms of BTLA

were genotyped in 562 severe trauma patients. To further elucidate the mechanism, mRNA

stability, BTLA 30-UTR activity, and its expression on T lymphocytes were measured. Only

rs1982809 which located in 30-UTR of BTLA showed a significant clinical relevance with the

incidence rate of sepsis and MOD scores. The sepsis incidence and MOD score of

rs1982809 CC genotype carriers were higher than TT carriers. The percentage of circulating

BTLAþCD4þCD3þ T lymphocytes was markedly lower in CC genotype carriers.

Luciferase activity in plasmids containing C allele was lower than that of T allele. Thus,

the differential expression of BTLA on T lymphocytes might be caused by the different 30-UTR activity induced by rs1982809 T/C.

Therefore, rs1982809 is a useful clinical biomarker in the prognosis evaluating of sepsis and subsequent MODS. Moreover, it is

also a functional single nucleotide polymorphism affecting the activity of BTLA 30-UTR and the expression of BTLA in peripheral

blood T lymphocytes.
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Introduction

Traffic accidents, disasters, and terrorist incidents are
the main causes of severe trauma, leading to disability
and death among young people. Each year, traumatic inju-
ries lead to more than five million deaths. Although
the majority of patients with major trauma survive their
injuries due to the great improvements in emergency care
systems, they still encounter life-threatening complications
including sepsis and multiple organ dysfunction syndrome
(MODS).1,2 Sepsis is recently recognized as a global health
priority by a WHO resolution.3 Based on a systematic
review extrapolated results from global population, more
than 19 million individuals suffer from sepsis and 6 million

died annually.4 Prevention and treatment of sepsis and
subsequent MODS are therefore very important. Single
nucleotide polymorphism (SNP) is a key determinant of
susceptibility and prognosis of infectious and non-
infectious diseases.5 Increasing evidence shows that genetic
factors play a key role in post-traumatic complications.6

B and T lymphocyte attenuator (BTLA) is a costimula-
tory molecule of CD28 superfamily. It has the similar struc-
ture and function to programmed death 1 (PD-1) and
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4). It
has been proved to inhibit the activation and proliferation
of T lymphocyte.7–9 BTLA regulates T cell response nega-
tively by recruiting SHP-1 and SHP-2 phosphatase.9
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BTLA also participates in the reduction of pro-survival sig-
naling of CD4þT cells and plays an important role in
innate immune immunity.10–12 Compared with wild-type,
BTLA knockout mice showed strongly attenuated malaria
infection and early clearance of infection, suggesting that
co-inhibitory receptor BTLA played a key role in experi-
mental malaria and weakened congenital and subsequent
adaptive immune responses.13 Because of its ability to
inhibit CD8 and CD4 T cell proliferation, differentiation,
and/or activation, BTLA has also been implicated in
contributing to many diseases, including certain kinds
of cancer and some autoimmune diseases14–16 In addition
to inhibiting the adaptive immune response, BTLA has also
been indicated to affect the innate immune response and
immune inflammatory response.17

T-lymphocyte dysfunction may lead to sepsis-related
mortality and morbidity. In intensive care unit, the
BTLAþ CD4þ lymphocytes percentage in peripheral
blood in patients with sepsis was significantly higher
than that in patients without sepsis, which was related to
subsequent secondary infection.18 It is reported that the
BTLAþ CD4þ CD3þ T lymphocytes’ percentage in
healthy individuals is higher than that in severe sepsis
patients.19 In addition, the BTLAþ CD4þ CD3þ T lym-
phocytes percentage in the initial stage of sepsis is low,
which is correlated to the severity and mortality of septic
patients.19 BTLA can be used as a useful biomarker to pre-
dict the progress and prognosis of sepsis.20

In order to comprehensively evaluate the relationship
between common gene mutations in BTLA gene and pre-
disposition to sepsis and MODS, a group of tag single
nucleotide polymorphisms (tagSNPs) were selected in
BTLA gene. We studied the tagSNPs’ clinical correlation
with sepsis and the MODS score incidence in severe trau-
matic patients. Our results showed that rs1982809 is clini-
cally relevant to sepsis and MODS. We further
demonstrated that the T to C mutation in rs1982809 influ-
enced the activity of the BTLA 30-untranslated region (30-
UTR), thus altering the transcription and translation of
BTLA in peripheral blood T lymphocyte.

Materials and methods

Study population

Five hundred sixty-two uncorrelated severe traumatic
patients were included in this research, they were all Han
population from Guizhou province, southwestern China,
and they were hospitalized in the Trauma Centre, the
Affiliated Hospital of Guizhou Medical University during
1 January 2011 and 1 January 2017. The patients met the
following three inclusion rules were included in the study:
(1) 18–60 years old, (2) the injury severity score (ISS) �16
with at least one ISS �4 trauma and more than one addi-
tional ISS �3 injury to other parts of the body, (3) post-
traumatic survival time�48 h. According to the established
injury severity score and the simplified injury scale (AIS,
latest edition 2005), the overall injury severity was classi-
fied to determine the severity of individual injuries.21

The exclusion criterion were: (1) rejected by the patients

or their family members, (2) patients who had preexisting
cardiovascular, respiratory, hepatic, renal, immunologic, or
hematologic diseases, (3) a doctor’s advice to ambulatorily
treat the patient or transfer within 24 hours after being hos-
pitalized, and (4) unable to follow up. All protocols of this
research got approval from the Ethical and Protocol Review
Committee of Guizhou Medical University, Guiyang,
China. Informed consent of patients and their near kin
was obtained. Patients are kept confidential in accordance
with the Guidelines for Human Subjects. Blood samples were
obtained less than 24 h of admission.

The diagnostic criteria for sepsis complied with the cri-
teria recommended by the third international consensus
definitions for sepsis.22 MOD scores mean the total of
the individual organ scores got at the same time in each
hospitalization day.23 Briefly, six organ dysfunctions
(pulmonary, renal, hepatic, neurologic, cardiac and hema-
tologic) were scored from zero (no dysfunction) to four
points (severe dysfunction) every day. The Marshall score
ranged from 0 to 4 and the total score from 0 to 24. Failure of
organ function was considered as three or more points.
Daily laboratory and physiological values were used to
calculate both scores. The definition of MODS is a
Marshall – score of four or longer than two consecutive
days. The calculating method of MODS scores is the total
of individual organ scores obtained simultaneously per
hospitalization day.

TagSNPs selection and genotyping

The BTLA gene of human is situated on chromosome 3,
position 112,463,966–112,499,702. We included the BTLA
gene exons and introns as well as 3000 bp (base pair)
upstream of the transcription initiation site and 3000 bp
downstream of the termination codon. Genetic variation
data were obtained from a healthy Chinese Han Beijing
(CHB) population from HapMap (www.hapmap.org).
In total, we identified 21 SNPs with minor allele frequency
(MAF) �0.05 in the CHB population from this database
(Table 1). Haplotype blocks were constructed by
Haploview software sets (Broad Institute of MIT and
Harvard, Cambridge, MA). Based on genotyping data,
the software package can calculate linkage disequilibrium
(LD) and population haplotype.24 Tag SNPs were selected
by Tagster (Version 2.0.2).25 Genotyping was achieved
by an improved multiplex ligation detection reaction
(iMLDR) technique.26 Without knowing the clinical data
of the patients, genotyping was carried out by blind
method; 20% of the samples were genotyped by direct
sequencing to ensure the accuracy of iMLDR technique.

BTLA mRNA stability assay

To determine if the location of the SNPs in the 30-UTR has
effect on the mRNA stability,27,28 we investigated the
stability of BTLAmRNA in 10 rs1982809 TT-carrier patients
and 10 rs1982809 CC-carrier patients. Actinomycin D
(Sigma), a transcriptional inhibitor, was employed. Two
milliliters of peripheral blood from each patient was
mixed with 2 mg/mL actinomycin D uniformity to restrain
trans splicing and RNA synthesis.29 Using QIAGEN
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RNeasyVR Plus Kit (ID/Cat No.: 74136) and referencing the
manufacturer’s instructions to extracting total RNA and its
decay were analyzed by RT-qPCR. Primer pairs for BTLA
(forward (F): TGGGTCATACCGCTGTTCTGCA, reverse
(R): CTGCTTGCCATTTCGTCCTTGG), GAPDH (F: AGA
AGGCTGGGGCTCATTTG, R: AGGGGCCATCCACAGT
CTTC) were designed for amplifying different sequences
at the 30-UTRs of each transcript. Using the iScriptTM

cDNA Synthesis kit (Cat: 1708890, Bio-Rad), first-strand
cDNA was retrieved from 1mg of RNA; 20 ml (microliters)
reactions were provided by mixing together reverse tran-
scriptase, gene-specific assay pool (20�, 2 mM), gene-specic
enhancer solution, iScript Select reaction mix and RNA that
diluted in RNase-free water in 1:1:2:4:12 ratio. Quantitative
real-time PCR (qPCR) was accomplished by primers, syn-
thesized cDNA and SsoFastTM EvaGreenVR Supermix
(#172–5204, Bio-Rad). Half-life (t1/2) of mRNA was
obtained based on the equation (t1/2)¼ ln(2)/kdecay, in
which kdecay is the mRNA decay constant.30 The rate
constant of the decay of RNA equals the slope of the
semi-logarithmic map of the change of the concentration
of RNAwith time. It is determined by the non-linear regres-
sion (least squares) analysis of three bioreplicated speci-
mens, which adopt the first-order decay model
(GraphPad Prism 6.0).

Flow cytometry analysis

Peripheral blood samples were transported to the lab
within 1 h at 4 �C in an EDTA anticoagulant tube. Before
using the peripheral blood for flow cytometric analysis or
for in vitro assays, red blood cells were removed by lysis
buffer (Thermo Fisher Scientific, cat. no. 00–4333). Then the
cells were washed and the cell suspension was diluted to a
density of 1–5� 106 cells/mL in 4 �C PBS, 10% of FCS and

1% of sodium azide. After adding the conjugated primary
antibody (1 mg/mL) and incubating it for 30min in dark at
4 �C, the cells were washed again three times and centri-
fuged at 400� g for 5 min and then resuspended in
500–1000 mL 4 �C PBS with FCS and sodium azide.
Antibodies and their isotype controls: APC Mouse Anti-
Human BTLA (BD Bioscience, San Jose, CA, USA),
Isotype: APC Mouse IgG2a, j Isotype Control (BD
Bioscience); PE-labeled anti-CD4 (BD Bioscience), Isotype:
PE Mouse IgG1, j Isotype Control (BD Bioscience);
FITC-labeled anti-CD3 (BD Bioscience), and Isotype: FITC
Mouse IgG2a, j Isotype Control (BD Bioscience). Samples
were carried on a BD AccuriTM Flow Cytometer C6 (BD
Biosciences, Inc.). More than 5� 103 CD4þ T lymphocytes
were analyzed in each sample.

Plasmid construction and detection of 30-UTR activity

The full-length 1022-base pair BTLA 30-untranslated region
(30-UTR) was synthesized from genomic DNA PCR ampli-
fication, which was collected from a subject homozygous
with the rs1982809 C allele. The primer sequences were
50-GCTCTCGAGTCCCGTCCCAGTAGTTGAAGGGTCCT
GCTA-30 (F) and 50-TGCCAGCTGCTTCGAGCGAAGCC
ATTGCTGC-30 (R). XhoI as well as SalI restriction sites
were introduced by PCR. After digestion with the XhoI
and SalI restriction enzymes, the PCR products were direct-
ly inserted into a 30-UTR sequence with the luciferase gene
in the pmirGLO vector. The pmirGLO BTLA/3’-UTR
rs1982809C plasmid was constructed by the site-directed
mutagenesis kit (Invitrogen, Carlsbad, CA). The mutation
primers are 50-CTGACACAcAAAAGCGACCCGAATA
ACTTGCT -30 (F) and 50-TCGCTTTTgTGTGTCAGGGGG
TTTAAGAATCAG -30 (R).

Human leukemia monocytic cell line, and THP-1 cells
(ATCC, Cat#TIB-202) were incubated for 48 h and then
transfected with the pmirGLO BTLA/30-UTR rs1982809T
or pmirGLO BTLA/30-UTR rs1982809C plasmids using
the LipofectamineVR 3000 (Invitrogen, California). Briefly,
the LipofectamineVR 3000 Reagent was diluted and mixed
with Opti-MEM Medium; 5 mg DNAwas diluted in 250 mL
Opti-MEM Medium and 10 mL P3000 Reagent was added
for preparing the master mix of DNA. Then the added
master mix of DNAwas transferred to each tube with dilut-
ed LipofectamineVR 3000 Reagent (mix in a ratio of 1:1) and
incubated the mixture for 15min at ordinary temperature
and then the DNA-lipid complex was added to the cells.
Finally, the cells were incubated for 48–96 h at 37 �C.
According to a standard protocol on a Varioskan Lux
(Thermo Scientific, Helsinki, Finland), luciferase activity
of transfected cells was analyzed by the Dual-LuciferaseVR

Reporter Assay System (E1910, Promega) at the end of each
experiment. Luminescence experiments were carried out
more than three times, with three copies of each transfec-
tion, using six DNA preparations separately. The transfec-
tion efficiency was standardized based on testing the
luciferase activity of the control pmirGLO plasmid.

Table 1. SNPs identified within the entire BTLA gene in Chinese

Han population.

rs number Variation MAF Region

rs1982809 (Tag SNP) T/C 0.244 30UTR
rs2171513 C/T 0.198 30UTR
rs9288952 (Tag SNP) A/G 0.256 Exon

rs2705544 G/T 0.198 Intron

rs6438079 A/G 0.244 Intron

rs2633562 A/G 0.179 Intron

rs1386895 A/G 0.233 Intron

rs4682410 A/G 0.244 Intron

rs12632867 C/G 0.244 Intron

rs9288953 (Tag SNP) T/C 0.456 Intron

rs2705534 G/T 0.233 Intron

rs2705535 C/T 0.202 Intron

rs2952323 C/G 0.25 Intron

rs2971204 G/T 0.211 Intron

rs1844089 C/T 0.244 Intron

rs2705565 C/T 0.198 50UTR
rs2633582 G/T 0.244 50UTR
rs2633580 C/G 0.233 50UTR
rs2633579 A/G 0.211 50UTR
rs2705566 A/G 0.264 50UTR
rs2633578 T/C 0.232 50UTR

SNP: single nucleotide polymorphism; BTLA: B and T lymphocyte attenuator.
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Data analysis

All statistical data were analyzed by SPSS software version
19.0 (SPSS Company, Chicago, IL, USA). Continuous data
are expressed in mean� standard deviation (SD) or inter-
quartile ranges and median. Classified data are expressed
in counts and percentages. Comparing variables by

Chi-squared test/Fisher’s exact test, while analyzing con-
tinuous variables by the Mann–Whitney U test/Student’s t
test. Hardy–Weinberg equilibrium of each SNP was ana-
lyzed by Chi-square tests. Calculating the odds ratio (OR)
of 95% confidence interval by multivariate logistic regres-
sion model. It was tested that recessive, dominant, as well
as allele dose models were adjusted according to the mixed
variables of site of injury, ISS, sex ratio and age. Bilateral P
below 0.05 was considered significant.

Results

Overall clinical characteristic of major trauma patients

Patients’ basic data are shown in Table 2. The patients’ aver-
age age was 42.9� 12.5. The sepsis morbidity rate was
36.8%. In the study cohort, the median time for the occur-
rence of sepsis was 6.0 days, the quartile range was 5.0 to
8.0 days; 65.9% of the patients had organ dysfunction, of
which 129 (23.0%) and 86 (15.3%) had two or more organ
dysfunction. Among MODS patients, sepsis occurrence
accounted for 43.8%.The median onset time of MODS
was 9.0 days in septic patients, and the interquartile range
was 7.5 to 11.0 days. The median onset time of MODS was
6.0 days in non-septic patients, and the interquartile range
was 4.0 to 7.0 days. The mainly injured sites were the head
(40.9%), thorax (35.8%), abdomen (29.7%), and extremities
(40.7%). Most patients had multiple injuries, such as two
injury sites (44.8%), three injury sites (24.2%), and four
injury sites (6.0%).

Table 2. Overall clinical characteristics of patients with major trauma.

Guizhou (n5562)

Age (yrs) 42.9� 12.5 (19–61)

Male/female, n 456/106

Injured body regions, n (%)

Head 230 (40.9)

Thorax 201 (35.8)

Abdomen 167 (29.7)

Extremities 229 (40.7)

Number of regions injured, n (%)

Two 252 (44.8)

Three 136 (24.2)

Four 34 (6.0)

ISS, n 26.1�7.3

�16, <25, n (%) 351 (62.5)

�25, n (%) 211 (37.5)

Organ dysfunction, n (%)

One 155 (27.6)

Two 129 (23.0)

Three or above 86 (15.3)

Sepsis, n (%) 207 (36.8)

ISS: injury severity score; n: number; yrs: years.

Figure 1. Overview of selected htSNPs. The location of the 21 SNPs within the BTLA gene and 3 kb up- and downstream regions with a minor allele frequency � 5%.

The selected three htSNPs are indicated by boxes. A linkage disequilibrium (LD) plot of the 21 SNPs is displayed in an r2-black and white color scheme. Black

represents very high LD (r2¼1) and white indicates the absence of correlation (r2 ¼0) between SNPs.
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Tag SNP selection and genotype distribution

In CHB population, there were 21 SNPs in the BTLA gene,
with MAF greater than or equal to 5% (www.hapmap.org)
(Table 1), which constructed three haplotype blocks
(Figure 1). Using Tagster, three tag SNPs were selected for
genotyping (Figure 1). The MAF of rs1982809, rs9288952,
and rs9288953 in traumatic patients was consistent with
those of CHB population (data from HapMap data base).
As they were in accordance with Hardy–Weinberg equilib-
rium (P> 0.05), the allele frequencies and genotype
frequencies of the three variants remained constant in
CHB population.

Clinical significance of rs1982809 in traumatic patients

Among patients with different rs1982809, rs9288952, and
rs9288953 genotypes, there were no significant differences
of their ISS, sex ratio, and age (Table 3). In the three
tagSNPs, the sepsis morbidity of rs1982809 C allele carriers
was significantly higher than T allele carriers (P¼ 0.005).
Meanwhile, rs1982809 C allele carriers had higher MOD
scores (dominant effect: P¼ 0.011, recessive effect:
P¼ 0.003). Regression analysis showed that there was no
significant relation between other two tagSNPs and sepsis
or MODS.

Effect of T to C mutation for rs1982809 on BTLA mRNA
stability and the post-transcriptional regulation of the
30-untranslated regions

To determine if location of rs1982809 in BTLA 30-UTR can
affect the stability of mRNA or mRNA translation efficien-
cy, we first investigated the stability of BTLA mRNA in ten
rs1982809 TT-carrier patients and 10 rs1982809 CC-carrier
patients. Transcriptional level of BTLAwas detected by RT-
PCR in each blood sample. We used the peripheral blood
volume corresponding to the same transcriptional level of
BTLA to investigate the mRNA stability. Blood samples
were treated with actinomycin D, an inhibitor of mRNA
synthesis. BTLA transcript levels were quantified by
RT-qPCR at 0, 2, 4, and 6 h. The percentage of mRNA that
remained was plotted (Figure 2). There were no differences
in the level of BTLAmRNA between the TT-carriers and the
CC-carriers at 2, 4, and 6 h. Therefore, the mutation of the
T to C in rs1982809 does not affect BTLA mRNA stability.

By the insertion of the full length sequence of
BTLA rs1982809 T-30-UTR or rs1982809 C-30-UTR into a
pmirGLO-vector, we elucidated the direct effect of
rs1982809 T to C mutation on post-transcriptional regula-
tion of BTLA 30-UTR. The activity of luciferases in the trans-
fected THP-1 was detected by reporter gene assay. The
results indicated that the luciferase activity in cells trans-
fected with C alleles was significantly lower than that in

Table 3. Clinical relevance of the 3 htSNPs among trauma patients in Guizhou.

SNPs Genotypes N Age(yr) Gender (M/F) ISS Sepsis, n/% MOD score

rs1982809 TT 307 41.9�16.7 231/76 25.2�7.3 97 (31.6) 5.7�2.2

TC 206 41.8�15.7 185/21 26.2�8.5 82 (39.8) 6.8�2.6

CC 49 42.1�16.2 40/9 28.2�8.3 28 (57.1)a1 7.5�2.6a2,b1,c1

AA 294 42.8�11.8 244/50 27.8�7.9 102 (34.7) 5.4�2.5

rs9288952 AG 236 43.5�12.3 190/46 26.1�8.2 93 (39.4) 6.8�2.8

GG 32 43.2�16.7 22/10 25.7�9.0 12 (37.5) 6.4�2.8

TT 164 43.5�11.3 137/27 25.7�7.8 62 (37.8) 6.5�3.2

rs9288953 TC 263 42.6�12.4 205/58 25.9�8.3 103 (39.2) 6.8�2.7

CC 135 43.7�15.4 114/21 26.5�7.7 42 (31.1) 6.0�2.3

a1P¼0.005, a2P¼0.011 for dominant association (CCþTC vs. TT).
b1P¼ 0.003 for recessive association (CC vs. TTþTC).
c1P¼0.005 for allele dose association.

ISS: injury severity score; MOD: multiple organ dysfunction; N: number; M/F: male/female; SNP: single nucleotide polyorphism.

Figure 2. Effect of T to C mutation for rs1982809 on BTLA mRNA stability and

the activity of 30-UTR. (a) Transcriptional level of BTLA in peripheral blood of 10

rs1982809 CC-carrier patients and 10 rs1982809 TT-carrier patients was

detected by RT-PCR. The peripheral blood volume was used corresponding to

the same transcriptional level of BTLA to investigate the mRNA stability.

Peripheral blood was treated with actinomycin D. Samples were removed at 2, 4,

and 6 h. The values correspond to the mean�SD. There were no differences in

the BTLA mRNA levels between the CC-carrier patients and the TT-carrier

patients (P¼ 0.86). (b) The luciferase activity of the transfected THP-1 was

measured using a luciferase assay system. The relative luciferase activity (RLA)

was significantly lower in the cells transfected with the construct containing the C

allele than the cells transfected with the construct containing the T

allele (**P< 0.01).
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cells transfected with T allele (P¼ 0.009, Figure 3(c)), which
means that the mutation of the T to C in rs1982809 attenu-
ated the activity of 30-UTR and the TT carriers may have
higher expression of BTLA.

T to C mutation in rs1982809 affects the expression of
BTLA on T lymphocytes and its molecular mechanism

As T lymphocyte is the main immunoregulatory cell in
sepsis, we detected the expression of BTLA in peripheral

Figure 3. rs1982809 affects BTLA 30-UTR activity and the expression of BTLA on T lymphocytes. (a) Representative flow dot plots of lymphocyte gating strategy and

the percentage of BTLA on CD3þCD4þ T lymphocytes in the rs1982809 TT, TC, and CC carriers. (b) The percentage of BTLA on CD3þCD4þ T lymphocytes in the

rs1982809 TT, TC and CC carriers. There was a stepwise reduction in the percentage of BTLA on CD3þCD4þ T lymphocytes from the TT, TC, and CC carriers

(*P< 0.05, **P<0.01). (c) The fluorescence intensity of BTLAþ on CD4þCD3þ T lymphocytes in peripheral blood from TT carriers, TC carriers, and CC carriers

(*P< 0.05, **P<0.01).
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blood T lymphocyte of traumatic patients by flow cytome-
try assay. The results showed that the circulating
BTLAþCD4þCD3þ T lymphocytes’ percentage was sig-
nificantly lower in rs1982809 CC carriers than TT carriers
(Figure 3(a)). The BTLAþCD4þCD3þ T lymphocytes’
percentage in peripheral blood from TT carriers, TC car-
riers, and CC carriers was 34.53%� 7.14%, 8.98%� 3.32%
and 3.65%� 1.43% (Figure 3(b)). By flow cytometry assay,
the fluorescence intensity of BTLAþ on CD4þCD3þ T
lymphocytes was also detected. The results indicated that
the fluorescence intensity was also higher in TT carriers
than CC carriers. The mean fluorescence intensity in
peripheral blood from TTcarriers, TC carriers, and CC car-
riers was 1973.8� 115.4, 1680.7� 207.8 and 934.3� 182.0
(Figure 3(c)).

Discussion

BTLA, CTLA-4, and PD-1 are all coinhibitory receptors
which can regulate T cell activation. Moreover, soluble
BTLA (sBTLA) can be used as a dynamic prognostic
indicator of sepsis and sepsis-induced immunosuppres-
sion.18,31 BTLA gene polymorphisms are reported to be
associated with many diseases, especially tumors and auto-
immune disease, such as colorectal cancer, lymphoblastic
leukemia, rheumatoid arthritis, and breast cancer.
rs1982809 has also been found to be associated with chronic
lymphocytic leukemia (CLL) and renal cell carcinoma
(RCC).32,33 Karabon et al.32 reported that rs1982809 is asso-
ciated with the level of mRNA expression in CLL patients
and confers susceptibility to CLL. Another study investi-
gated the correlation between BTLA SNPs and predisposi-
tion to RCC. The study showed that rs1982809 of BTLA
gene might be a biomaker for RCC.33

So far, our research is the first study to investigate the
clinical correlation of BTLA gene variants and severe com-
plications after major trauma. Rs1982809, rs9288952, and
rs9288953 were identified as markers of the whole BTLA
gene in Chinese Han population. The results indicated
that among these tag SNPs, only the 30-UTR SNP
rs1982809 indicated a strong clinical correlation, showing
a high incidence of sepsis, MOD score, and strong immune
inflammation in patients with C allele mutation. The
30-UTR is in charge of post-transcriptional regulation,
such as the stability of mRNA, the translation of multiple
transcripts, location of gene expression, translation efficien-
cy, etc.34,35 Many researchers found that SNPs in the 30-UTR
can affect the expression of target genes and is related to the
development of disease.36,37 According to our research,
the result of mRNA stability detection showed that the
mutation of T to C in rs1982809 cannot affect BTLA
mRNA stability. As T lymphocytes were the main effect
cells in the immunological regulation of sepsis and the
expression of BTLA on CD4þ T cells was associated with
sepsis and secondary infection of patients in intensive care
unit,18 we proposed that the mutation of rs1980809 can
affect the expression of BTLA on lymphocytes. Thus, we
detected BTLA expression on peripheral blood T lympho-
cytes from major trauma patients by flow cytometry assay.
Our results showed that circulating BTLAþCD4þCD3þ

T lymphocytes percentage was significantly lower in
rs1982809 CC carriers than TT carriers. To elucidate the
mechanism, we constructed two plasmids containing
either the rs1982809 Tor C allele. By reporter gene analysis,
we elucidated that the luciferase activity of cells transfected
with C allele was significantly lower than that of cells trans-
fected with T allele. Karabon et al.32 indicated that
rs1982809C allele was associated with decreased expres-
sion of BTLA mRNA in T cells. According to our results,
C carriers have higher BTLA promoter activity. This
explains why G allele carriers (C allele carriers) have
higher levels of RNA expression in T cells. C allele carriers
in traumatic patients have a higher incidence of sepsis and
a higher MOD score, which may be related to the differen-
tial expression of BTLA in T lymphocyte. Therefore,
rs1982809 polymorphism is not only a useful clinical
biomarker for evaluating the prognosis of sepsis and
MODS, but also a functional SNP affecting the activity of
BTLA 3’-UTR and the expression of BTLA in peripheral
blood T lymphocytes.

Our research have some limitations. First, though the
sample size is large enough, the association of rs1982809
with sepsis and MODS was detected only in the Guizhou
population. Second, the treatment and care of traumatic
patients can also affect the risk of sepsis and MODS.
Despite the limited capacity associated with clinical associ-
ation studies, our results demonstrate the functional signif-
icance of BTLA rs1982809 and reveal that it may be used to
assess risk factors associated with sepsis and MODS in
severe trauma patients.
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