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Abstract

Background: Thymic stromal lymphopoietin (TSLP) is ex-
pressed by airway epithelial cells and plays a key role in im-
munological events in asthma. Data on the genetic variants
of TSLP and its association with asthma and allergic rhinitis
are scarce. We aimed to investigate the effects of the ge-
netic variants of TSLP in children with asthma and allergic
rhinitis. Methods: The genetic variants of the TSLP gene
were determined by sequencing 25 asthmatic and 25
healthy children. In an association study, a population of
506 asthmatics and 157 healthy controls was screened for
the following single-nucleotide polymorphisms (SNPs):
rs3806933 and rs2289276 in the promoter region;
rs11466741, rs11466742, and rs2289278 in intron 2;
rs10073816, rs11466749, and rs11466750 in exon 4, and
rs11466754in 3'-UTR. Results: In Multifactor Dimensionality
Reduction analysis, presence of the rs11466749 AA geno-
type with atopy was significantly associated with a diagno-
sis of asthma (testing set accuracy: 0.720 and cross valida-

tion: 9/10). Two functional SNPs showed a gender-specific
association with allergy, i.e. the rs3806933 CC genotype
with asthma in boys (p = 0.032, nonsignificant after multiple
testing) and the rs2289276 CC genotype with higher eosin-
ophil numbers in asthmatic girls (p = 0.003). The presence
of allergic rhinitis in asthmatic children strengthened the
association of the rs11466749 GG genotype with asthma
(p=0.001), and rs2289276 was significantly associated with
lower FEV levels in asthmatics without allergic rhinitis (p =
0.003). Conclusion: Variants in the gene encoding the TSLP
protein may have differential effects on asthma phenotypes
depending on gender, atopy, and the presence of allergic

rhinitis. © 2014 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) and asthma are closely related
inflammatory diseases associated with a dysregulated
production of Th2 type cytokines [1]. Recent studies have
shown that thymic stromal lymphopoietin (TSLP) pro-
duced by epithelial cells activates myeloid dendritic cells
to induce a Th2 response [2-4].
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TSLP is a 140-amino-acid, interleukin (IL)-7-like cy-
tokine originally identified as a growth factor in the su-
pernatants of murine thymic stromal cell lines. In con-
trast to murine TSLP, human TSLP does not support the
growth and activation of B cells. TSLP is mainly expressed
by primary skin keratinocytes, smooth muscle cells, and
lung fibroblast and bronchial epithelial cells but not by
hematopoietic cells, except mast cells [5].

Recently, there has been a growing interest in the role
of TSLP in allergic diseases, and the TSLP protein has
been detected in lesions of acute and chronic atopic der-
matitis but not in normal or nonlesioned skin [2, 6, 7].
Several studies have demonstrated that a high expression
of TSLP is associated with airway inflammation in mice
and humans. Murine studies have shown that lung-spe-
cific expression of the TSLP transgene induces allergic
airway inflammation including leukocyte infiltration,
goblet cell hyperplasia, fibrosis, and increased production
of IgE [8]. In humans, TSLP has been found to be in-
creased in asthmatic airways and its expression has been
correlated with Th2-attracting chemokines and the sever-
ity of the disease [9]. Proinflammatory cytokines such as
tumor necrosis factor-a and IL-1p, together with IL-4 and
IL-13, induce the expression of TSLP by human airway
epithelial cells and keratinocytes [10].

Following the demonstration of the physiological role
of TSLP, some studies have analyzed its genetic associa-
tions. In those studies, several TSLP variants have been
shown to be associated with childhood and adult asthma,
bronchial hyperresponsiveness, lung function, and spe-
cific IgE in several ethnically diverse populations [3, 11—
16].

Compared to data on asthma, data on the role of TSLP
in AR is limited. A high expression of TSLP has been de-
tected in epithelium from patients with AR and it has
been associated with infiltration of dendritic cells, eosin-
ophils, and enhancement of the barrier function with an
increase in tight junction proteins claudin-1, claudin-4,
claudin-7, and occludin [17, 18]. Recently, Bunyavanich
et al. [19] studied the associations between single-nucle-
otide polymorphisms (SNPs) of the TSLP gene and AR in
children with asthma in 3 independent cohorts.

A number of studies have shown that TSLP is critical
in Th2 commitment of T cells in allergic diseases; some
studies have examined genetic variations of TSLP and its
association with allergic diseases [3, 12, 16, 20, 21], espe-
cially in AR and thus in one airway [17-19, 21, 22].

In this study, we aimed to determine SNPs in the TSLP
gene and analyze the association of SNPs with the pheno-
types of asthma and AR in Turkish children.
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Materials and Methods

Study Population

Children with Asthma

The characteristics of the patients in the asthma group have
been detailed previously [23-25]. Briefly, we enrolled Caucasian
children aged 6-18 years who were diagnosed with asthma at the
Pediatric Allergy and Asthma Unit of Hacettepe University School
of Medicine, Ankara, Turkey, between 2002 and 2009. Examination
by a pediatric allergist according to GINA guidelines confirmed the
asthma diagnoses [26]. All children had evidence of reversible air-
way obstruction as defined by at least a 12% improvement in FEV,
following bronchodilator administration, therapeutic response to
antiasthma treatment, or an abnormal result on the methacholine
bronchoprovocation test (PC20 <8 mg/dl). Spirometric measure-
ments, total IgE, and eosinophil counts were obtained. Skin testing
was performed as detailed previously [25]. This study was approved
by the Ethics Committee of Hacettepe University and parents pro-
vided written informed consent for participation in this study.

Healthy Children

The characteristics of the patients in the control group have
been detailed previously [25]. Briefly, the control group was com-
prised of Caucasian Turkish school children who presented be-
tween 2005 and 2006 to the outpatient department of the same
hospital. They presented for reasons such as minor trauma or for
their regular follow-up. They responded negatively to an estab-
lished and validated asthma questionnaire (ISAAC) [27], had nev-
er had a diagnosis of asthma or allergic bronchitis by a physician,
and did not have a history of wheezing. They all had normal pul-
monary function tests. All children underwent skin prick tests and
had their total IgE measured in serum.

Identification of Genetic Variants of the TSLP Gene

DNA was extracted from whole blood using modified methods
of Poncz et al. [28]. Briefly, after hypertonic lysis of cells and pro-
teinase K digestion of proteins, phenol-chlorophorm extraction
and ethanol precipitation were performed for the extraction of
DNA. To determine the functional polymorphisms of the TSLP
gene, the promoter region (up to —1,000 bp) and exonic regions
within the exon-intron boundaries of the TSLP gene were ampli-
fied from the DNA samples of 25 healthy individuals and 25 asth-
matic patients via polymerase chain reaction (PCR) and subjected
to sequencing analysis. Primers were designed according to the
genomicsequence of TSLP with theaccession number AC008572.6.
The primers for PCR and sequencing are listed in online supple-
mentary table S1 (see www.karger.com/doi/10.1159/000358488
for all online suppl. material). Numbers from the dbSNP of NCBI
(http://www.ncbi.nlm.nih.gov/SNP/) were used to define poly-
morphisms. A sequencing reaction was performed using a Big Dye
Terminator Cycle Sequencing Kit (version 3.2; ABI Prism, Foster
City, Calif., USA) with an ABI Prism 310 Sequence Detection Sys-
tem. Sequencing analysis revealed 9 SNPs, i.e. rs3806933 and
rs2289276 polymorphisms in the promoter region, rs11466741,
rs11466742, and rs2289278 in intron 2, rs10073816, rs11466749,
and rs11466750 in exon 4, and finally rs11466754 in 3'-UTR of the
TSLP gene (long form). According to the initial results of the se-
quence analysis, 2 sets of linkage (100%) were determined. The
first was between rs11466749, rs11466750, and rs11466754 and the
second was between rs2289276 and rs11466741.
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Table 1. Characteristics of the study population

Healthy children Asthmatics p
(n=157) (n =506)
Age, years 10.4 (7.9-12.4) 9.2 (7.5-11.8) >0.05
Gender
Male 78 (50) 309 (61) 0.019
Female 79 (50) 196 (39)
Age at asthma onset, years - 5.0 (3.0-7.6)
FEV, % predicted 101 (90-108) 89 (79-99) <0.001
IgE, kU/1 37.5(18-77) 136 (53-367) <0.001
Skin prick test positivity 25 (16) 297 (59) <0.001
Eosinophil count, mm? 138 (96-260) 300 (170-510) <0.001
Family history of allergic disease 20 (13) 168 (33) <0.001
Exposure to cigarette smoke 91 (58) 198 (39) <0.001
Exposure to animals 18 (12) 41 (8) >0.05

Values are presented as medians (IQR) or numbers (%) unless otherwise specified.

Four SNPs were chosen for screening, i.e. rs3806933 and
152289276 (linkage with rs11466741, D = 0.250, r> = 0.99) in the
promoter region, and rs10073816 and rs11466749 (linkage with
rs11466750 and rs11466754, D = 0.056, r> = 0.99) in exon 4. Since
the frequencies of the SNPs rs11466742 and rs2289278 were lower
than 5%, they were not analyzed any further.

Association Study

Screening of 4 SNPs, i.e. rs3806933, rs2289276, rs10073816,
and rs11466749, in 157 healthy controls and 506 asthmatic chil-
dren was performed using Competitive Allele-Specific PCR with
the KASPar™ SNP Genotyping System (KBiosciences, UK).

The KASP SNP genotyping system is a homogeneous fluores-
cent FRET (or fluorescent resonance energy transfer)-based sys-
tem which allows the detection of SNPs without the need for a
separation step and also has the power of competitive allele-specif-
ic PCR.

Statistical Analyses

Statistical analyses were performed with SPSS 15 for Windows
(Chicago, Ill., USA). Comparisons of quantitative variables such as
age, eosinophil counts, IgE levels and FEV; (% predicted) were
made with parametric or nonparametric tests depending on the
normalcy of the distribution. The ¥ test or Fisher’s exact test was
used for the comparison of categorical variables as appropriate.
The genotype frequencies of each SNP were tested for concordance
with Hardy-Weinberg equilibrium using Pearson’s x* test. For all
analyses, after correction for multiple testing, p < 0.05/4 = 0.0125
was considered statistically significant.

An interaction analysis was implemented using the open-
source Multifactor Dimensionality Reduction (MDR) software
package (version 1.0.0, available at www.epistasis.org). Using the
MDR constructive induction function, we constructed all possible
interactions among different genotype variants belonging to the
TSLP gene. The genetic data were collapsed into 2 categories with
high and low risk in each cell. An interaction dendrogram was ap-
plied to visualize the nature of the dependencies. Differences in

TSLP in Asthma and AR

SNPs and haplotype distributions of the rs3806933, rs10073816,
and rs114666749 genotypes were analyzed using models, and they
were adjusted for gender, atopy, and family history of allergic dis-
eases as covariates.

Results

A total of 506 children with asthma and 157 healthy
controls were included in this study. The characteristics
of the study and control groups are summarized in ta-
ble 1. Four SNPs were screened in healthy and asthmatic
children. In the codominant model, the rs11466749 AA
genotype was more frequent in asthmatics compared to
healthy children (p = 0.035) (table 2). According to mul-
tiple testing, the difference between asthmatic and
healthy children became significant in the A-dominant
model (GA+AA vs. GG) of the rs11466749 genotype
(p = 0.01).

Asthmatic girls with the CC genotype at rs2289276
had higher levels of eosinophils compared to those with
the CT+TT genotype [390/mm?® (IQR 200-607) vs. 241/
mm? (IQR 130-432); p = 0.003] (fig. 1). This difference
was not observed in asthmatic boys.

MDR analyses showed that the AA genotype at
rs11466749 was significantly associated with the diagno-
sis of asthma [testing set accuracy (TSA): 0.720 and cross
validation (CV): 9/10] among atopic children (fig. 2).
Children with presence of the AA+AG genotype at
rs11466749 and atopy showed the same TSA and CV val-
ues for the diagnosis of asthma.
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Fig. 1. The eosinophil count was significantly higher in asthmatic
girls with the rs2289276 CC genotype than in those with the
CT+TT genotype [390/mm? (IQR 200-607) vs. 241/mm?® (IQR
130-432); p = 0.003].

Atopy (+)

AA AG GG
TSLP rs11466749 genotypes

Fig. 2. Children carrying the rs11466749AA genotype and atopy
(positive skin prick test) were significantly associated with the di-
agnosis of asthma (testing set accuracy: 0.720 and CV: 9/10). Chil-
dren with the rs11466749 AA+AG genotype and atopy showed the
same TSA (0.720) and CV (9/10) values.
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Fig. 3. Children with asthma but without AR with the rs2289276
T-dominant CC genotype had lower FEV, than those with the
CT+TT genotype [83 (IQR 74-90) vs. 92 (IQR 79-100); p = 0.003].
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Association of TSLP Genotypes with Asthma and AR

The frequency of the AA genotype at rs11466749 was
higher in patients with AR compared to those without
(0.826 vs. 0.706; p = 0.001) (table 3).

There was a tendency towards a higher eosinophil
count in girls but not in boys with asthma and AR carry-
ing the CC genotype at rs2289276 [440 (IQR 352-594) in
the CC genotype vs. 305 (IQR 172-663) in CT+TT; p =
0.088]; this tendency was lost in girls with asthma but
without AR.

Despite the lack of an association between TSLP geno-
types and FEV, in the total group of children with asth-
ma, the FEV; was significantly lower in children with the
CC genotype at rs2289276 than in those with the CT+TT
genotype among children with asthma who did not have
AR [83 (IQR 74-90) vs. 92 (IQR 79-100); p = 0.003]
(fig. 3). The same analysis failed to show any difference in
asthmatic boys with or without AR.

Discussion

In this study we investigated the effects of the genetic
variants of the TSLP gene on allergic phenotypes in chil-
dren with asthma and AR. We found that the CC geno-
type at rs3806933 and the AA genotype at rs11466749 are
associated with asthma in children. The association at
rs3806933 showed a gender-specific association with
asthma only in males. The MDR analysis showed that
atopic children carrying the A allele at rs11466749 have
an increased risk of asthma. In addition, the AA genotype
atrs11466749 showed an association with AR in children
with asthma. A second functional SNP rs2289276 was
significantly associated with asthma phenotypes in a
gender-stratified manner; the rs2289276 CC genotype
was associated with higher eosinophil numbers in asth-
matic girls and lower FEV levels in asthmatic girls with-
out AR.

TSLP is an epithelial cell-derived cytokine that acti-
vates dendritic cells to induce naive CD4+ T cells to dif-
ferentiate into Th2 type cells and plays important roles
in the initiation and maintenance of allergic immune re-
sponses [1-5]. A number of association studies for the
TSLP gene have been published [3, 11, 12, 16]. Harada et
al. [3] reported that a genetic variant at rs3806933 locat-
ed in the promoter region is associated with asthma. The
SNP rs3806933 (-847 C > T) in the promoter region of
long-form TSLP creates a binding site for the transcrip-
tion factor activating protein (AP)-1, and in vitro func-
tional analyses demonstrated that the SNP enhanced
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Table 2. Comparison of rs3806933, rs11466749, and rs10073816
polymorphisms in codominant and dominant models between
asthmatic and healthy children

Healthy Asthmatics®*  p
children*

rs3806933 codominant

CcC 41 (0.190) 26 (0.220) 0.048

TC 101 (0.470) 67 (0.568)

T 73 (0.340) 25 (0.212)
rs3806933 T dominant

CC 21(0.134) 109 (0.222) 0.016

TC+TT 136 (0.866) 381 (0.778)
rs10073816 codominant

GG 20 (0.132) 102 (0.204) >0.05

GA 79 (0.520) 244 (0.487)

AA 53 (0.349) 155 (0.309)
rs10073816 A dominant

GG 20 (0.132) 102 (0.204) 0.046

GA+AA 132 (0.868) 399 (0.796)
rs11466749 codominant

AA 112 (0.727) 369 (0.744) 0.035

GA 35(0.227) 121 (0.244)

GG 7 (0.045) 6 (0.012)
rs11466749 A dominant

AA+GA 147 (0.955) 490 (0.988) 0.010

GG 7 (0.045) 6 (0.012)

*n (frequency).

AP-1 binding to the regulatory element. The functional
variant increased the promoter-reporter activity of long-
form TSLP in response to poly (I:C) stimulation in nor-
mal human bronchial epithelial cells. Thus, functional
genetic polymorphism of the TSLP gene appears to con-
tribute to Th2-polarized immunity through a higher
TSLP production by bronchial epithelial cells in response
to viral respiratory infections [3]. The same group also
reported that rs3806933 was associated with both child-
hood atopic asthma and adult asthma [12]. In the present
study, we showed that rs3806933 was associated with
asthma and this association became stronger in a gender-
specific fashion in males with the rs3806933 CC geno-
type.

Mice models using either lung-specific expression of
the TSLP transgene or intranasal administration of TSLP
have denoted that TSLP may induce a weak innate re-
sponse, which is insufficient for full airway inflammatory
disease [8, 29, 30]. However, when TSLP is combined
with antigenic stimulation a complete airway inflamma-
tion characterized by the infiltration of eosinophils, CD4+
Th2 cells, airway remodeling, goblet cell metaplasia, and

TSLP in Asthma and AR

Table 3. TSLP genotypes and their relation with AR in asthmatic
children

Asthmatics )
AR (-)* AR (+)*
rs3806933
CC 26 (0.215) 31(0.233) >0.05
TC 56 (0.463) 68 (0.511)
TT 39 (0.322) 34 (0.256)
152289276
CC 46 (0.368) 49 (0.353) >0.05
TC 55 (0.440) 68 (0.489)
TT 24 (0.192) 22 (0.158)
rs10073816
GG 26 (0.211) 33 (0.239) >0.05
GA 57 (0.463) 69 (0.500)
AA 40 (0.325) 36 (0.261)
rs11466749
AA 89 (0.706) 114 (0.826) 0.001
GA 37(0.294) 20 (0.145)
GG 0 (0.000) 4(0.029)

*n (frequency).

mucus overproduction is developed. The link between
antigen and TSLP may be a modifying factor for asthma
phenotypes, especially atopic asthma. As mentioned in
the study of Headley et al. [29], a TSLP-dependent re-
sponse against harmless environmental allergens may
cause spontaneous lung disease in mice expressing the
lung-specific TSLP transgene. The studies summarized
above show that Th2 type inflammation is induced by the
modifying effect of TSLP in conjunction with antigen in
mice models, and our findings showing an increased risk
of asthma in atopic children carrying the A allele at
rs11466749 of the TSLP gene support the interaction of
TSLP with allergens in Th2-driven inflammation in hu-
mans.

Previous studies have shown that TSLP expression is
increased in human asthmatic airways and a number of
cells expressing TSLP in airways have correlated in-
versely with FEV, or FEV|/FVC [4, 31]. Harada et al.
[12] found a significant correlation between the
rs2289278 genotype and FEV,;/FVC measurements in
Japanese patients with asthma. In our study the
rs2289276 CC genotype was significantly associated
with a lower FEV in asthmatic children without AR. In
addition, the same functional SNP rs2289276 CC geno-
type correlated with higher blood eosinophil numbers in
girls with asthma but not in healthy girls. Hunninghake
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et al. [11] found that the T allele of TSLP rs2289276 was
inversely associated with cockroach-specific IgE in Cos-
ta Rican girls and it was also inversely associated with
total IgE levels in girls both in Costa Rica and in the
CAMP study. They also showed that the TSLP rs1837253
T allele was associated with a reduced risk of asthma in
boys and the rs2289276 T allele was associated with a
reduced risk of asthma in girls [32]. The study by Ha-
rada et al. [12] showed binding of the AP-2 alpha pro-
tein, which is a possible transcription suppression fac-
tor, to the rs2289276 sequences, with a higher affinity of
binding to the C allele (protective allele). In this study,
even though rs2289276, rs3806933, and rs2289278 were
not associated with gender, eosinophil counts, or IgE
concentrations, rs2289276, and rs3806933 were signifi-
cantly associated with childhood atopic asthma and
rs2889278 with FEV/FVC in adult asthma. Our results
show that the rs2289276 CC genotype is significantly as-
sociated with higher blood eosinophil counts in asth-
matic girls and lower FEV in children with asthma but
without AR. This differential effect of rs2289276 on eo-
sinophil-related inflammation and bronchoconstriction
was observed in a gender-stratified model and in the ab-
sence of AR in children with asthma. The mechanisms
of these observations remain to be studied in the future.
The gene encoding the TSLP receptor component
TSLPR has a sex chromosome location in humans
(Xp22.3 and Yp11.3) [33] and this may be related to the
gender-specific difference in TSLP polymorphisms. It is
also possible to have gender-specific hormonal regula-
tion of transcription.

The differences between studies may be attributed to
ethnic differences in genotype distribution, the heteroge-
neity of the phenotypes, and the multifactorial etiology of
allergic diseases. Another possible cause of the genetic
variations that may show opposite effects on certain phe-
notypes of different cohorts is the amount of allergens
that the individuals are exposed to. These findings em-
phasize the complexity of the relationships between ge-
netic variants and environmental exposures, and the fact
that specific environmental exposure among susceptible
individuals with a specific genetic predisposition may
have opposite effects on different, albeit related, pheno-
types (such as atopy and airway reactivity).

There are a limited number of studies concerning in-
creased TSLP expression in cell cultures and nasal epithe-
lium from AR patients [17-19]. mRNA and protein ex-
pression of TSLP have been found to be increased in the
nasal mucosa of patients with AR compared to normal
controls, and TSLP protein expression has been strongly

190 Int Arch Allergy Immunol 2014;163:185-192
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correlated with IL-4 and the severity of AR [34]. One
study investigated the association of SNPs in TSLP with
allergy in children with asthma [19]. That study found
that the T allele of TSLP rs1837253 was associated with
reduced odds ratios for AR in a male-specific fashion in
3 cohorts of children with asthma. We found that among
asthmatic children the frequency of the rs11466749 AA
genotype was higher in the presence of AR versus its ab-
sence. However, children with the rs11466749 GG geno-
type are very rare and there was not a single patient with
the GG genotype among asthmatic children without AR
and there were only 4 children among asthmatic children
with AR. Therefore, this observation needs to be con-
firmed in a larger study population.

Similar to ours, the Costa Rican, CAMP, and BAMSE
studies found some significant associations with asthma
or AR in a gender-specific fashion. These findings suggest
that the effect of TSLP genotypes on allergic inflamma-
tion may show different patterns depending on gender,
atopic status, and AR in asthmatic children. The CC
genotype at rs2289276 was significantly associated with
higher blood eosinophil numbers and lower FEV; in non-
atopic asthmatics without AR. There may be a link be-
tween high eosinophil counts and lower FEV| measure-
ments that is related to this specific TSLP genotype.

This study had some limitations. First, it included a
hospital-based cohort and the results may differ from
those of population-based studies. However, our center
is the biggest of the region and accepts patients directly
or with referral throughout the country. There were no
important differences with respect to ethnicity or other
confounding factors. Another problem was the multiple
testing. Since we evaluated 4 different SNPs in this study,
the p value had to be divided by a factor of 4 for accep-
tance of the results as significant. For this reason, we re-
ported only the significant results according to multiple
testing.

In conclusion, our results show that genetic variants
in the gene encoding the TSLP protein may have differ-
ential effects on asthma phenotypes, AR, and allergic in-
flammation depending on gender- and atopy-specific
models.
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Table S1. Primersfor PCR reactions and sequencing of TSLP gene

TSLP prodF
TSLP prodR
TSLP pro3F
TSLP pro3R
TSLP pro2F-
TSLP pro2R
TSLP prolF
TSLPprolR
TSLP ex1F
TSLPex1R
TSLP ex2F
TSLPex2R
TSLP ex3F
TSLPex3R
TSLP ex4F
TSLP ex4R
TSLP ex4F-2
TSLP ex4R-2
TSLP ex4F-3
TSLP ex4R-3
TSLP ex4F-4
TSLP ex4R-4
TSLP ex4F-5
TSLP ex4R-5
Ex1R-2
Ex4R-3A
Ex4F-2A
Ex4F-3A

5’-AGC GAT GACTCCTAGGAACTTC-3&
5’-GATGCTGTCCTGAGCTCAGCT-3’

5’- TCTCGATGCTTCTCCTGTCTCT-3’
5’-AAACGCCTACTCTTGGTGGCTA-3’
5’-TAGCCACCAAGAGTAGGCGTTT-3’
S’-TTCTCCTACAGGGCATTTCCGT-3’
5’-ATTGGTCACGGAAATGCCCT-3’
5’-TTCACCCATGCTGTTGCCTT-3’

5’-AAG GCA ACA GCA TGG GTG AAT-3’
5’-TCCTCA TCA GCA TCT GCA CAC-3’
5’-TGT GCA GTT ATG GCT TGA GGG-3’
5’-CGT CCCAGT TCCCAA TTT GCC-3’
5-TTGCTCTACTCA ACCCTGACCT-3
5-TTTACCCGGCTCGTTTGCTCT T-3’
5’-AAG CAGGTGCTT TGG AGA CAC-3’
S-GTCTTCTTT GTCACA GTT AGA G-3’
5-CTCTAA CTGTGA CAA AGA AGA C-3&
5’-GCT GTA ACA AAGGTACTT CTCAG-3’
5’-CAA GTA GAT CCT GAG AAGTAC-3
5’- ATT AGA GGA ACA TGT CTACTCCT-3
5’- ACT GCA CGT GGG AAT GCA CT-3
S-ACT TTGAGT TGT CTCCTT TCT CC-3’
5’- GGA GAA AGG AGA CAA CTCAAA-3
5’-GCA GTA GACTTT CAT ACA GCT -3’
5’-CCTGAAAGAAACTGACAGAA-3’
5’-CATGTAATGTAAGCTTCCTC-3’
5’-GAACTCAATGATAGCACCT-3’
5’-CCTTTGTTACAGCTACTAT-3’



	2014-163-185-92.pdf
	000358488_sm_Table_1.pdf

	Cit p_21: 
	Cit p_4: 
	Cit p_13: 
	Cit p_22: 
	Cit p_14: 
	Cit p_5: 
	Cit p_23: 
	Cit p_15: 
	Cit p_6: 
	Cit p_16: 
	Cit p_7: 
	Cit p_17: 
	Cit p_8: 
	Cit p_10: 
	Cit p_1: 
	Cit p_18: 
	Cit p_9: 
	Cit p_11: 
	Cit p_2: 
	Cit p_19: 
	Cit p_20: 
	Cit p_3: 
	Cit p_12: 
	Cit p_29: 
	Cit p_30: 
	Cit p_31: 
	Cit p_32: 
	Cit p_24: 
	Cit p_33: 
	Cit p_25: 
	Cit p_34: 
	Cit p_27: 
	Cit p_28: 


