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Background:  Transglutaminase  (TG)2  is the  autoantigen  in  celiac  disease,  but  also  TG3  antibodies  have
been  detected  in  the  serum  of celiac  disease  patients.
Aims: To investigate  the  correlations  between  serum  TG3  antibodies  and  clinical  and  histological  mani-
festations  of celiac  disease  and  to assess  gluten-dependency  of  TG3  antibodies.
Methods:  Correlations  between  serum  TG3 antibody  levels  measured  from  119  adults  and  children  with
untreated  coeliac  disease  and  the  demographic  data, clinical  symptoms,  celiac  antibodies,  histologi-
cal  data  and results  of  laboratory  tests  and  bone mineral  densities  were  tested.  TG3 antibodies  were
reinvestigated  in 97 celiac  disease  patients  after  12  months  on  a gluten-free  diet  (GFD).
Results:  TG3  antibody  titers  were  shown  to  correlate  with  the age  at celiac  disease  diagnosis.  Further,
negative  correlation  with TG3  antibodies  and  intestinal  ��+ cells  at diagnosis  and  on  GFD  was  detected.

Correlations  were  not  detected  with  the clinical  manifestation  of  celiac  disease,  TG2  or  endomysial
autoantibodies,  laboratory  values,  severity  of mucosal  villous  atrophy,  associated  diseases  or  compli-
cations.  TG3  antibody  titers  decreased  on  GFD  in  56%  of the TG3  antibody  positive  patients.
Conclusion:  Serum  TG3  antibody  positivity  in celiac  disease  increases  as the  diagnostic  age  rises.  TG3
antibodies  did  not  show  similar  gluten-dependency  as  TG2  antibodies.

© 2016  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Celiac disease is an autoimmune mediated disorder induced by
luten in genetically susceptible individuals. The clinical appear-
nce of celiac disease is typically a chronic gastrointestinal disorder,
n which mucosal villous atrophy and crypt hyperplasia are
etectable in small bowel biopsy specimens. Transglutaminase

TG)2 has been identified as the major autoantigen in celiac dis-
ase [1]. TG2 antibodies have been proven to be highly accurate
n celiac disease diagnostics, and there is also solid evidence of

∗ Corresponding author at: Department of Dermatology, Tampere Univer-
ity Hospital, P.O. Box 2000, 33521 Tampere, Finland. Tel.: +358 40 5863818;
ax: +358 3 31165654.
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gluten-dependency of these antibodies. Altogether nine distinct
transglutaminases exist in a wide variety of cell types in humans,
and even though their functions generally involve tissue assem-
bly or repair, it is nowadays recognized that transglutaminases are
inappropriately activated in a variety of pathologies [2]. Dermatitis
herpetiformis (DH) is a cutaneous manifestation of celiac disease
causing itching and blistering rash [3], but DH patients further
evince celiac-type small bowel mucosal villous atrophy or inflam-
mation [4,5]. In DH pathognomonic granular IgA deposits can be
detected by direct immunofluorescence (IF) in the papillary dermis,
and it has previously been shown that this IgA is directed against
TG3 [6]. TG3 is an enzyme expressed in the epidermis and it is

closely related to, but not identical to, TG2 [7]. Vast majority of DH
patients, similarly as celiac disease patients, present circulating and
intestinal autoantibodies against TG2 at the time of the diagnosis
[8,9]. In addition, TG3 autoantibodies have been identified in the
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erum of not only untreated DH but also of celiac disease patients
6,10–12]. However, thus far it is obscure what is the role of TG3
ntibodies in celiac disease, and whether discrepant autoantibody
esponse and TG3 antibodies might have a crucial bearing in the
evelopment of these two distinct manifestations of celiac disease.

This study aimed to elucidate the significance of TG3 antibodies
n celiac disease. We  investigated whether TG3 antibodies corre-
ate with the age at diagnosis, severity of clinical symptoms or
istological inflammation or damage in celiac disease. Further,
luten-dependency of TG3 antibodies was evaluated with serial
erum samples of celiac disease patients adhering to a gluten-free
iet (GFD) treatment.

. Methods

.1. Study patients

Serum TG3 antibodies were investigated from 119 adults and
hildren diagnosed with celiac disease at the Tampere University
ospital, Finland. Children with a celiac disease suspicion were
nrolled prospectively. All study patients had biopsy proven celiac
isease. Patients with DH were not included in this study, but the
resence of other skin symptoms was collected. Primary reason for
eliac disease suspicion, the duration of symptoms before diagno-
is, the presence of celiac disease associated disorders and family
istory of celiac disease or DH were recorded. Serum TG3 antibod-

es were reinvestigated from 97 celiac disease patients after they
ad adhered to a GFD for 12 months, and at that time also clinical
esponse and the strictness of GFD were documented. The strict-
ess of GFD was classified as strict when no dietary lapses existed,
artial when dietary lapses existed or no adherence to GFD. The
tudy protocols and celiac children recruitment were approved by
he Ethics Committee of Tampere University Hospital District. All
tudy participants or their parents gave written informed consent.

.2. Celiac antibodies, laboratory parameters and celiac disease
enetics

TG3 antibodies were measured with IgA anti-TG3 ELISA kits
Immunodiagnostik, Bensheim, Germany) and TG2 antibodies
ith IgA anti-TG2 ELISA kits (Celikey; Phadia, GmbH, Freiburg,
ermany). In addition, antibodies to deamidated gliadin (DGP)
ere measured with anti-DPG ELISA kits (IgA + IgG antibodies,
uantaLite Celiac DGP Screen; INOVA Diagnostics Inc., San Diego,
A). The TG3 antibody kit provides an ELISA plate coated with
ecombinant TG3 from human source (C-terminal antigen – MW
7 kDa, Locus ID 7053). The sera were diluted according to
anufacturer’s instructions by 1:250 when TG3 antibodies were

nalyzed and by 1:100 for TG2 antibody and DPG antibody analyzes.
he TG3 antibodies were measured in double, and TG2 and DPG
ntibodies in single runs. A positive and negative control from man-
facturer were included in each run. TG3 values ≥16 AU/ml were
onsidered as positive according to the manufacturer’s instructions,
nd the cut-off value of TG2 antibodies was 3.0 AU/ml and of DGP
ntibodies 20 AU/ml.

Serum IgA class endomysial antibodies (EmA) were determined
y an indirect IF method using human umbilical cord as substrate
s previously described in detail [13]. A titer of 1:≥5 for EmA  was
onsidered positive.

The following laboratory values were measured by standard lab-
ratory methods: blood hemoglobin, serum iron, erythrocyte folic

cid, serum vitamin B12 and serum parathyroid hormone levels.
emoglobin values of children <16 years of age and in patients
16 years of age were further analyzed separately due to different

eference values among children and adults.
 Disease 48 (2016) 632–637 633

The presence of celiac disease-associated human leukocyte anti-
gen (HLA) DQB1*02 and DQB1*0302 alleles (DQ2 and DQ8) was
investigated by using either the DELFIA Celiac Disease Hybridiza-
tion Assay (PerkinElmer Life and Analytical Sciences, Wallac Oy,
Turku, Finland) or the SSP DQBI low-resolution kit (Olerup SSP
AB, Saltsjöbaden, Sweden/Qiagen Vetriebs GmbH, Vienna, Austria)
according to the manufacturer’s instructions.

2.3. Small bowel biopsy

During esophago-gastroduodenoscopy a minimum of six for-
ceps biopsy specimens were taken from the duodenum. Three to
five of these were processed, stained with hematoxylin and eosin
and studied under light microscopy. The density of intraepithelial
lymphocytes (IELs) and villous height-crypt depth ratios (Vh/CrD)
were determined from several well-oriented biopsy samples from
multiple sites as previously described [14]. IELs were counted per
100 enterocytes, and Vh/CrD > 2 was considered normal. In addi-
tion, the mucosal specimens were graded independently according
to the Marsh Classification as follows: Marsh I-II denoted nor-
mal  villi together with intraepithelial lymphocytosis and normal
(Marsh I) or elongated crypts (Marsh II), and Marsh III destructive
lesion with villous atrophy and crypt hyperplasia [15].

Two  to three small bowel biopsy specimens were freshly
embedded in optimal cutting temperature compound (OCT, Tissue-
Tec, Miles Inc, Elkhart, IN), snap-frozen in liquid nitrogen and stored
at −70 ◦C. Immunohistochemical stainings were carried out on 5-
�m-thick frozen sections. CD3+ IELs were stained with monoclonal
antibody Leu-4 (Becton Dickinson, San Jose, CA) and ��+ IELs with
TCR� antibody (Endogen, Woburn, MA). Positive IELs were counted
with a 100× flat field light microscope objective throughout the
surface epithelium as previously described [5], and IEL density was
expressed as cells per millimeter of epithelium.

Small bowel mucosal TG2-specific IgA deposits were investi-
gated from frozen small bowel sections as previously described
[16]. Altogether six unfixed, 5-�m-thick sections from frozen small
bowel specimens were processed, three for investigation of IgA
deposits and three for double-color labeling for both IgA and TG2.
IgA was  detected by direct IF as described by Korponay-Szabo et al.
[16]. The occurrence of the IgA deposits was graded semiquantita-
tively according to their intensity along the basement membrane
in the villous-crypt area as follows: negative, weak (+), moderate
(++), and strong positive (+++). In cases where the intensity was
patchy, it was  graded from different areas and the mean value was
given. Furthermore, sections were double-stained for human IgA
(green) and for TG2 (red) to confirm that coeliac-type IgA deposits
co-localized with TG2.

2.4. Body mass index (BMI), bone mineral density (BMD) and
study questionnaires

BMI  was  calculated as weight per square of height (kg/m2), and
BMI  values of children <16 years of age and in patients ≥16 years
of age were further analyzed separately. BMD  was measured in the
lumbar spine and left femoral neck by dual-energy X-ray absorp-
tiometry according to our standard procedures [17]. BMD  values
were expressed as standard deviation scores that compare individ-
ual BMD  values with those of sex-matched healthy young adults
(T-score); T-score above −1.0 indicated normal BMD, between −1.0
and −2.4 osteopenia and values −2.5 or below osteoporosis.

Gastrointestinal symptoms and health-related quality of life at
the time of the diagnosis were measured with the Gastrointestinal

Symptom Rating Scale (GSRS)- and Psychological General Well-
Being (PGWB) questionnaires, which are structured and validated
questionnaires widely applied in celiac disease studies [18,19].
GSRS consists of 15-items and uses a seven-grade Likert scale for
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Table 1
Demographic and clinical data of all celiac disease (CD) patients and serum transglutaminase (TG) 3 antibody positive and -negative CD patients at diagnosis.

All CD patients (n = 119) TG3 antibody positive
CD patients (n = 33)

TG3 antibody negative
CD patients (n = 86)

Females; n (%) 83/119 (70) 23/33 (70) 60/86 (70)
Age;  median (range) 36 (3–71) 47 (13–69)* 25 (3–71)*

Primary reason for CD suspicion
Abdominala 59/119 (50) 19/33 (58) 40/86 (46)
Malabsorptionb 9/119 (8) 4/33 (12) 5/86 (6)
Extraintestinal symptomsc 16/119 (13) 4/33 (12) 12/86 (14)
Screening at-risk groupsd 35/119 (29) 6/33 (18) 29/86 (34)

Duration of symptoms before CD diagnosis, years; median (range) 3 (0–57) 5 (0–50) 2 (0–57)
CD  associated diseasese 25/79 (32) 13/32 (41) 12/47 (26)
Family  history of CD; n (%) 66/118 (56) 16/33 (48) 50/85 (59)

* P < 0.001 when TG3 antibody positive and -negative patients were compared.
a Abdominal pain or distension, diarrhea, constipation, flatulence.
b Anemia.
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TG2 antibodies were positive in 95% (112 out of 118) of the
patients at the time of the diagnosis. TG2 antibody titers at
diagnosis were found to have a positive correlation with EmA
titers (r = 0.800, P < 0.001), DPG antibodies (r = 0.606, P < 0.001),

Table 2
Correlations between serum transglutaminase (TG) 3 antibody titers at the time of
celiac disease (CD) diagnosis and celiac disease related serological and histological
data.

Number of
studied CD
patients

Correlation
coefficient with
serum TG3 titers

P value

EmA  titer
At diagnosis 118 −0.156 0.091
12  months on GFD 71 −0.145 0.227

TG2  antibody titer
At diagnosis 118 −0.034 0.714
12  months on GFD 71 0.014 0.905

Vh/CrD
At  diagnosis 79 0.136 0.231
12  months on GFD 56 −0.260 0.053

Density of IELs
At diagnosis 79 −0.012 0.919
12  months on GFD 14 −0.016 0.958

Density of CD3+ IELs
At diagnosis 77 −0.181 0.114
12  months on GFD 22 −0.326 0.138

Density of ��+ IELs
At diagnosis 75 −0.245 0.034
12  months on GFD 35 −0.581 <0.001
c Skin symptoms (other than dermatitis herpetiformis), joint symptoms, tongue 

d Family history of celiac disease.
e Autoimmune thyroid disease, type I Diabetes, Sjögren’s disease, IgA nephropath

ach item, and it evaluates gastrointestinal symptoms in five differ-
nt subgroups: diarrhea, ingestion, constipation, abdominal pain
nd reflux. Higher scores indicate more severe gastrointestinal
ymptoms [20]. PGWB is a 22-item questionnaire using a six-grade
ikert scale, and it is used to assess the health-related quality of life
nd well-being. The total score of PGWB ranges therefore between
2 and 132 points, higher score indicating better quality of life [18].

.5. Statistics

Quantitative data were expressed as the number of subjects
nd percentages, or as medians and ranges. To assess statistical
ifferences between antibody positive and negative patients, Pear-
on Chi-Square test of Fisher’s exact test was used, as appropriate.
pearman’s correlation coefficient was applied to assess correla-
ions between different variables. A P value less than 0.05 was
onsidered statistically significant. The data were analyzed with
he SPSS Statistics 20 software package (International Business

achines Corp., New York, USA).

. Results

Eighty-three (70%) out of the 119 untreated celiac disease
atients were females and 36 (30%) males (Table 1). The median
ge at diagnosis was 36 (range 3–71) years, and 37 patients (31%)
ere under 16 years of age at the time of the diagnosis. Thirty-three

28%) of all 119 untreated celiac disease patients had TG3 antibody
iters above the cut-off level. TG3 antibody positive patients were
tatistically significantly older than antibody negative (Table 1) and
lso TG3 antibody titers were shown to correlate with the age at
iagnosis (r = 0.461, P < 0.001). Only one patient <16 years of age had
ositive TG3 antibodies. Gender distribution was similar between
G3 antibody positive and -negative patients (Table 1) and primary
easons for celiac disease suspicion or the duration of symptoms
efore diagnosis did not differ between antibody positive and neg-
tive patients (Table 1). The presence of skin symptoms other than
H was present in 12% of both TG3 antibody positive and–negative
atients. HLA genotypes did not differ between TG3 antibody pos-

tive and negative patients; 87% and 85% of the patients were HLA
Q2 positive, 3% and 4% HLA DQ8 positive, and 10% and 11% HLA
Q2 and DQ8 positive, respectively. A higher percentage of TG3
ntibody positive patients had celiac disease associated disorders

uch as thyroid disorders, Sjögren’s disease or type I diabetes, but
he difference was not statistically significant (Table 1).

The severity of mucosal lesion measured with Marsh Classifica-
ion at the time of the diagnosis did not differ between TG3 antibody
steoporosis, infertility.

lepsy, atrophic gastritis.

positive and -negative patients (P = 0.390), and no correlation was
detected between Vh/CrD and TG3 antibody titers (Table 2). How-
ever, there was a weak negative correlation between TG3 antibody
titers at diagnosis and Vh/CrD measured after 12 months of GFD
(Table 2). A weak negative correlation was detected between TG3
antibodies and ��+ IEL densities at diagnosis and the negative cor-
relation was  stronger with TG3 antibodies and ��+ IELs on GFD
(Table 2). The densities of IELs or CD3+ IELs did not correlate with
TG3 antibody titers.

TG3 antibodies at diagnosis showed no correlation with TG2
antibody titers, EmA  titers (Table 2), or DGP antibody titers
(r = −0.105, P = 0.490). Significant correlations with TG3 antibod-
ies and measured laboratory values, BMI  or BMD  measurements
were not detected either (Table 3). PGWB total scores or GSRS total
(Table 3) or subdimension scores (data not shown) did not show
correlations with TG3 antibodies.
Intensity of intestinal IgA
deposits at diagnosis

72 −0.094 0.433

EmA, endomysial antibodies; GFD, gluten-free diet; Vh/CrD, villous height crypt
depth ratio; IELs, intraepithelial lymphocytes.
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Table  3
Correlations between serum transglutaminase (TG)3 antibody results and labora-
tory values, bone mineral densities and results of Psychological General Well-Being
(PGWB) and Gastrointestinal Symptom Rating Scale (GSRS) -questionnaires at the
time of celiac disease (CD) diagnosis.

Number of
studied CD
patients

Correlation
coefficient with
serum TG3 titers

P value

Body mass index 85 0.241 0.027a

Hemoglobin 96 0.064 0.536a

Vitamin B12 76 0.173 0.134
Erythrocyte folic acid 76 −0.022 0.849
Total iron 85 −0.039 0.720
Parathyroid hormone level 45 −0.245 0.105
Lumbar T-score 70 −0.084 0.487
Femur T-score 70 0.112 0.356
PGWB total score 63 0.093 0.469
GSRS total score 67 −0.184 0.136

a

d
n
�
f
d

a
r
o
p
d
o
T
w
2
a
a
a

4

i
n
d
r
w
c
s

i
i
a
[
a
c
s
t
o
f
r
a
o
s
i
a

Fig. 1. (a) Median values, lower and upper interquartiles and ranges of serum trans-
glutaminase 3 antibodies (TG3-ab) in 119 celiac disease patients at diagnosis (at dg)
and in 97 celiac disease patients after 12 months of gluten-free dietary treatment (at
GFD). One celiac disease patient had TG3-ab titer of 189 at the time of the diagnosis,
which is not shown in the figure. (b) Median values, lower and upper interquartiles
and ranges of serum transglutaminase 2 antibodies (TG2-ab) in 118 celiac disease
a Statistically significant P value was not detected when patients <16 years of age
nd patients ≥16 years of age where analyzed separately.

ensities of CD3+ IELs (r = 0.344, P = 0.002), the intensity of intesti-
al IgA deposits (r = 0.390, P = 0.001), and a weak correlation with
�+ IELs (r = 0.273, P = 0.019). A weak negative correlation was

ound between TG2 antibody titers and Vh/CrD at the time of the
iagnosis (r = −0.231, P = 0.041).

After one year of GFD more specific dietary adherence data were
vailable in 79 adult patients, and 95% were on a strict diet and the
emaining patients on a partial GFD. Clinical response, i.e. alleviance
f celiac disease related symptoms, was documented in all but one
atient. TG3 antibody results on GFD were available in 97 celiac
isease patients, and antibody titers had remained at the same level
r increased in 66% and decreased in 34% of the patients (Fig. 1a).
G3 antibody titers decreased along with GFD in 56% of the patients
ith TG3 antibody titers above the cut-off level at diagnosis and in

3% of the patients with values below the cut-off (P = 0.001). TG2
ntibody titers decreased on GFD in all but one (70/71) patient with
vailable data (Fig. 1b), and this patient was TG2 antibody negative
t diagnosis.

. Discussion

The major outcome of this study was that TG3 antibody titers
ncrease as the age at celiac disease diagnosis rises. Also a weak
egative correlation was detected between TG3 antibodies and
ensities of ��+ IELs at diagnosis, and a significant negative cor-
elation with ��+ IELs on GFD. Further, a weak negative correlation
as seen in TG3 antibodies and Vh/CrD on GFD suggesting that

eliac disease patients with higher TG3 antibodies at diagnosis
how poorer mucosal recovery on GFD.

TG3 is known to be the autoantigen of DH, and DH patients
nvariably express IgA response directed against TG3 in the pap-
llary dermis [6]. DH is a cutaneous manifestation of celiac disease
ffecting approximately 1 out of 8 celiac disease patients nowadays
21]. Small bowel mucosal alterations are similar in celiac disease
nd DH, both conditions are gluten-dependent, and further, DH and
eliac disease share similar genetic background and can occur in the
ame families or even in identical twins [22]. However, fundamen-
al reasons for these two different expressions of celiac disease are
bscure. Our hypothesis has been for long that DH is a late mani-
estation of undetected or neglected celiac disease. We  have earlier
eported that approximately 4% of newly detected DH patients have

 previous celiac disease diagnosis, and this phenotype change was

ften connected to poor dietary compliance [23]. We  have further
hown that simultaneously as the incidence of celiac disease has
ncreased [24] the incidence of DH has decreased [21], probably to

 large extent caused by better diagnostic accuracy of celiac disease.
patients at diagnosis (at dg) and in 71 celiac disease patients after 12 months of
gluten-free dietary treatment (at GFD). One celiac disease patient had TG2-ab titer
of  251 at the time of the diagnosis, which is not shown in the figure

The occurrence of circulating antibodies to TG3 might thus be a
result of epitope spreading from an autoantibody response initially
directed against TG2 in celiac disease, and this epitope spreading
could be a phenomenon connected to a prolonged gliadin provoca-
tion. It has further been speculated that the TG3 antibody response
develops in those celiac disease patients who will go on to acquire
DH. The results of this study support this speculation: TG3 antibody
positivity was very rare among children diagnosed with celiac dis-
ease and our results were parallel to previous reports by Hull et al.
[12] and Jaskowski et al. [25]. Only one paediatric patient in our
current series had elevated levels of TG3 antibodies. Similarly DH
is rarely diagnosed during childhood: we have previously shown
that in Finland only 4% of patients contract DH before adulthood
[21]. Further, even though in this study statistically significant dif-
ference was not detected in primary symptoms suggesting celiac
disease, a higher percentage of TG3 antibody negative patients
compared to -positive patients were diagnosed due to screening
at-risk groups. It could be that screen-detected patients are diag-

nosed earlier, and among these patients the occurrence of epitope
spreading is not yet as frequent. Whether serum TG3 antibody mea-
surement might have value in identifying celiac disease patients
with an increased risk of developing celiac disease related skin
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ymptoms is an intriguing issue, but this remains to be elucidated
n the future.

Previous data about serum TG3 antibodies in celiac disease and
H have been conflicting in several aspects. Some, but not all, of the
iscrepancies in earlier studies might be explainable by the usage of
ifferent methodologies or variable cut-off values. In the majority
f the studies TG3 antibody titers have been higher among DH than
n celiac disease patients [10,12,26–28] and TG3 antibody positivity

ore prevalent in DH compared to celiac disease [10,11,25,28], as
xpected. However, majority of studies focusing on serum TG3 anti-
odies have been centered around DH patients, and more limited
ata are available about TG3 antibodies in celiac disease. Correla-
ions between TG3 and TG2 antibodies in celiac disease have been
etected in some [27,29] but not in all studies [11]. Borroni et al.
19] published a study showing correlation between TG3 antibody
iters and weight loss; no correlation was detected between TG3
ntibodies and villous atrophy, age at celiac disease diagnosis, asso-
iated diseases or the presence of complications. Apart from the
ge at celiac disease diagnosis as a significant factor, we could not
nd correlations between clinical manifestations of celiac disease,
ssociated diseases or the presence of complications either, and
o correlation was detected between TG3 antibody titers and TG2
ntibodies.

Severity of small bowel mucosal enteropathy at diagnosis did
ot correlate with the titers of TG3 antibodies in this study, but after
ne year of GFD treatment there was a trend toward lower Vh/CrD
n patients with higher TG3 antibody titers initially, indicating that
he mucosal damage had not recovered as well as in patients with
ower TG3 antibody titers. We  further detected lower intestinal ��+
EL densities both at diagnosis and on GFD in patients with high
G3 antibody titers. We  have previously shown that the densities
f ��+ IELs are lower in DH compared to celiac disease [5], and
lso, ��+ IELs have shown to be lower in patients with refractory
eliac disease [30] and in EmA-negative celiac disease, which was
ssociated with long-lasting, severe celiac disease in our previous
tudy [31]. Therefore, the negative correlation between ��+ IELs
nd TG3 antibody titers fits well to the hypothesis that TG3 antibody
esponse is connected to advanced celiac disease. Further, it seems
ossible that ��+ IELs might have a regulatory potential on the
ctivity of natural killer cells [32,33], and that a lower level of this
ctivity might result in increasing adaptive immune response and
roduction of TG3 antibodies in addition to TG2 antibodies.

Several previous reports have shown that serum TG3 antibody
iters are lower among DH patients on GFD compared to untreated
atients, and we previously showed with serial patient samples
hat TG3 antibody titers decrease along with GFD in DH [28]. How-
ver, data about gluten-dependency of TG3 antibodies in celiac
isease are scarce. To our surprise, in this study gluten-dependency
f TG3 antibodies in celiac disease was not as evident as in DH.
n fact, TG3 antibody titers above the cut-off level had decreased
n only 56% of the patients after one year of dietary treatment.
onsistently with this, it has previously been shown that serum
G6 antibodies, which have been suggested to serve as a marker
dentifying celiac disease patients with a risk of neurological symp-
oms, do not show gluten-dependency in celiac disease [34]. The
easons for divergency of TG3 and TG6 antibodies from gluten-
ependent TG2 antibodies in celiac disease are obscure, but it
ight be that serum TG3 antibodies found in celiac disease are not

dentical with the antibodies detected in DH patients. Sardy et al.
howed already in 2002 that two different types of TG3 antibody
opulations existed; one was directed exclusively against TG3, and
he other population was primarily directed against TG2 but also

ross reacted with TG3 [6]. Celiac disease patients were found to
ave these last-mentioned, low-avidity TG3 antibodies and DH
atients high-avidity TG3 antibodies. It has also been suggested
hat TG3 antibodies might fluctuate with gluten intake, intestinal

[
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inflammation or trauma to the skin, and might be an indicator of
disease activity only at the time of serum collection [12].

To conclude, in this study consisting of altogether 119 untreated
celiac disease patients it was  shown that serum TG3 antibody titers
correlate with the age at celiac disease diagnosis. Further, increased
levels of TG3 antibodies were connected to lower densities of small
bowel mucosal ��+ cells and poorer mucosal recovery on GFD.
No associations were detected between TG3 antibodies and other
celiac disease autoantibodies, the severity of clinical symptoms,
laboratory parameters, associated diseases or celiac disease com-
plications.

Conflict of interest
None declared.

Funding

The study was  financially supported by the Finnish Medical
Foundation, the Academy of Finland, the Sigrid Juselius Foundation,
the Competitive State Research Financing of the Expert Responsi-
bility area of Tampere University Hospital (Grant numbers 9P060,
9T058 and 9S020) and the Foundation for Pediatric Research.

References

[1] Dieterich W,  Ehnis T, Bauer M,  et al. Identification of tissue transglutaminase
as  the autoantigen of celiac disease. Nature Medicine 1997;3:797–801.

[2] Kim SY, Jeitner TM,  Steinert PM.  Transglutaminases in disease. Neurochemistry
International 2002;40:85–103.

[3] Reunala T, Salmi TT, Hervonen K. Dermatitis herpetiformis: pathognomonic
transglutaminase IgA deposits in the skin and excellent prognosis on a gluten-
free diet. Acta Dermato-Venereologica 2015;95:917–22.

[4] Alakoski A, Salmi TT, Hervonen K, et al. Chronic gastritis in dermatitis
herpetiformis: a controlled study. Clinical and Developmental Immunology
2012;2012:640630.

[5] Järvinen TT, Kaukinen K, Laurila K, et al. Intraepithelial lymphocytes in celiac
disease. American Journal of Gastroenterology 2003;98:1332–7.

[6] Sàrdy M, Karpati S, Merkl B, et al. Epidermal transglutaminase (TGase 3) is
the autoantigen of dermatitis herpetiformis. Journal of Experimental Medicine
2002;195:747–57.

[7] Grenard P, Bates MK,  Aeschlimann D. Evolution of transglutaminase genes:
identification of a transglutaminase gene cluster on human chromosome
15q15. Journal of Biological Chemistry 2001;276:33066–78.

[8] Dieterich W,  Laag E, Bruckner-Tuderman L, et al. Antibodies to tissue trans-
glutaminase as serologic markers in patients with dermatitis herpetiformis.
Journal of Investigative Dermatology 1999;113:133–6.

[9] Salmi TT, Hervonen K, Laurila K, et al. Small bowel transglutaminase 2-
specific IgA deposits in dermatitis herpetiformis. Acta Dermato-Venereologica
2014;94:393–7.

10] Heil PM,  Volc-Platzer B, Karlhofer F, et al. Transglutaminases as diagnostically
relevant autoantigens in patients with gluten sensitivity. Journal der Deutschen
Dermatologischen Gesellschaft 2005;3:974–8.

11] Marietta EV, Camilleri MJ,  Castro LA, et al. Transglutaminase autoantibodies in
dermatitis herpetiformis and celiac sprue. Journal of Investigative Dermatology
2008;128:332–5.

12] Hull CM,  Liddle M,  Hansen N, et al. Elevation of IgA anti-epidermal transgluta-
minase antibodies in dermatitis herpetiformis. British Journal of Dermatology
2008;159:120–4.

13] Ladinser B, Rossipal E, Pittschieler K. Endomysium antibodies in coeliac disease:
an improved method. Gut 1994;35:776–8.

14] Taavela J, Koskinen O, Huhtala H, et al. Validation of morphometric analyses of
small-intestinal biopsy readouts in celiac disease. PLoS ONE 2013;8:e76163.

15] Marsh MN,  Johnson MW,  Rostami K. Mucosal histopathology in celiac dis-
ease: a rebuttal of Oberhuber’s sub-division of Marsh III. Gastroenterology and
Hepatology From Bed to Bench 2015;8:99–109.

16] Korponay-Szabo IR, Halttunen T, Szalai Z, et al. In vivo targeting of intesti-
nal and extraintestinal transglutaminase 2 by coeliac autoantibodies. Gut
2004;53:641–8.

17] Nikander R, Kannus P, Dastidar P, et al. Targeted exercises against hip fragility.
Osteoporosis International 2009;20:1321–8.

18] Dimenas E, Carlsson G, Glise H, et al. Relevance of norm values as part

of the documentation of quality of life instruments for use in upper gas-
trointestinal disease. Scandinavian Journal of Gastroenterology. Supplement
1996;221:8–13.

19] Hallert C, Granno C, Grant C, et al. Quality of life of adult coeliac patients treated
for  10 years. Scandinavian Journal of Gastroenterology 1998;33:933–8.

http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0175
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0180
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0185
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0190
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0195
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0200
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0205
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0210
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0215
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0220
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0225
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0230
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0235
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0240
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0245
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0250
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0255
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0260
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0265


d Liver

[

[

[

[

[

[

[

[

[

[

[

[

[

[

T.T. Salmi et al. / Digestive an

20] Svedlund J, Sjodin I, Dotevall G. GSRS – a clinical rating scale for gastrointestinal
symptoms in patients with irritable bowel syndrome and peptic ulcer disease.
Digestive Diseases and Sciences 1988;33:129–34.

21] Salmi TT, Hervonen K, Kautiainen H, et al. Prevalence and incidence of dermati-
tis  herpetiformis: a 40-year prospective study from Finland. British Journal of
Dermatology 2011;165:354–9.

22] Hervonen K, Karell K, Holopainen P, et al. Concordance of dermatitis her-
petiformis and celiac disease in monozygous twins. Journal of Investigative
Dermatology 2000;115:990–3.

23] Salmi TT, Hervonen K, Kurppa K, et al. Coeliac disease evolving into dermatitis
herpetiformis in patients adhering to normal or gluten-free diet. Scandinavian
Journal of Gastroenterology 2015;50:387–92.

24] Lohi S, Mustalahti K, Kaukinen K, et al. Increasing prevalence of coeliac disease
over time. Alimentary Pharmacology and Therapeutics 2007;26:1217–25.

25] Jaskowski TD, Hamblin T, Wilson AR, et al. IgA anti-epidermal transglutaminase
antibodies in dermatitis herpetiformis and pediatric celiac disease. Journal of
Investigative Dermatology 2009;129:2728–30.

26] Lytton SD, Antiga E, Pfeiffer S, et al. Neo-epitope tissue transglutaminase

autoantibodies as a biomarker of the gluten sensitive skin disease – dermatitis
herpetiformis. Clinica Chimica Acta 2013;415:346–9.

27] Borroni G, Biagi F, Ciocca O, et al. IgA anti-epidermal transglutaminase antibod-
ies:  a sensible and sensitive marker for diagnosis of DH in adult patients. Journal
of  the European Academy of Dermatology and Venereology 2013;27:836–41.

[

 Disease 48 (2016) 632–637 637

28] Reunala T, Salmi TT, Hervonen K, et al. IgA anti-epidermal transglutamin-
ase antibodies in dermatitis herpetiformis: a significant but not complete
response to a gluten-free diet treatment. British Journal of Dermatology
2014;172:1139–41.

29] Ress K, Teesalu K, Annus T, et al. Low prevalence of IgA anti-transglutaminase
1,  2, and 3 autoantibodies in children with atopic dermatitis. BMC Research
Notes 2014;7:310.

30] Koskinen O, Lindfors K, Collin P, et al. Intestinal transglutaminase 2 specific anti-
body deposits in non-responsive coeliac disease. Digestive and Liver Disease
2010;42:692–7.

31] Salmi TT, Collin P, Korponay-Szabó IR, et al. Endomysial antibody-negative
coeliac disease: clinical characteristics and intestinal autoantibody deposits.
Gut 2006;55:1746–53.

32] Bhagat G, Naiyer AJ, Shah JG, et al. Small intestinal
CD8+TCRgammadelta+NKG2A+ intraepithelial lymphocytes have attributes of
regulatory cells in patients with celiac disease. Journal of Clinical Investigation
2008;118:281–93.

33] Setty M,  Discepolo V, Abadie V, et al. Distinct and synergistic contributions of

epithelial stress and adaptive immunity to functions of intraepithelial killer
cells and active celiac disease. Gastroenterology 2015;149:681–91.

34] Lindfors K, Koskinen O, Laurila K, et al. IgA-class autoantibodies against
neuronal transglutaminase, TG6 in celiac disease: no evidence for gluten
dependency. Clinica Chimica Acta 2011;412:1187–90.

http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0270
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0275
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0280
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0285
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0290
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0295
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0300
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0305
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0310
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0315
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0320
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0325
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0330
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0335
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340
http://refhub.elsevier.com/S1590-8658(16)00069-4/sbref0340

