
Figure 01. Effects of celiac autoantibodies 
o n i n v i v o v a s c u l a t u r e a i m 1 . A . 
Representative pictures of mouse matrigel 
implants treated with CD Mab or non-CD Mab. 
After eight days the implants were removed 
and stained for blood vessels with von 
Willebrand factor (vWF)-antibody (green) and 
blue color indicates nuclei (DAPI). Scale bar 
represents 200 µm. Bars show  vascular 
parameters measured from matrigel implants. 
(n=8 animals per group). Bars in charts 
represent the average value as percentage + 
SEM. All data was normalized to the basal 
group (dotted line). * represents P≤0.001 
statistical difference.

Results

To define the molecular mechanism by which the celiac
disease antibodies modulate the angiogenic process, we

applied a human endothelial cell biology microarray on
HUVECs treated with celiac or non-celiac total IgA. After
data analysis, a total of 10 genes showed consistent changes
in expression level between cells treated with celiac disease

Fig. 1 Microarray analysis of genes related to angiogenesis in
endothelial cells treated with/without autoantibodies derived from
celiac disease patients (CD). a A list of genes, which, after data
analysis, showed consistent changes in their expression level
between cells treated with CD IgA and control IgA. Numbers are mean
values of expression ratios from three separate experiments after treat-
ment with individual CD IgAwhen compared to controls. bValidation of

fibronectin (FN1) and integrin (ITGB1), performed by RT-PCR. Bars
represent the mRNA level for the considered gene in arbitrary units (AU).
The error bars indicate the standard error of mean. The experiments were
performed in triplicate and repeated three times. *p<0.05 or **p<0.01
when compared by Student’s t test. c Hierarchical cluster of the genes
included in the microarray. The magnitude of gene expression is defined
in different colors according to down- or up-regulation

Fig. 2 RhoBmRNA expression
(a) and protein level (b) in
HUVECs treated with total
celiac disease IgA (CD IgA) or
monoclonal antibodies derived
from celiac disease patients (CD
Mab) compared with controls
(non-CD IgA or non-CD Mab)
after 24 h. a Bars indicated the
average of RhoB gene expres-
sion in arbitrary units (AU). b
Upper panel shows representa-
tive blots of RhoB protein ex-
pression. The bars in the lower
panel represent the average of
protein level in arbitrary units
(AU, n09) after densitometric
analysis. The error bars indicate
the standard error of mean.
*p<0.05 when compared by
one-way ANOVA using an SNK
as post hoc comparison
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Figure 02. Microarray analysis of genes related to 
angiogenesis  in endothelial cells  treated with/
without autoantibodies derived from celiac disease 
patients.  A list of genes, which, after data analysis, 
showed consistent changes in their expression level 
between cells treated with CD IgA and control IgA. 
Numbers are mean values of expression ratios from 
three separate experiments after treat- ment with 
individual CD IgA when compared to controls.
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To define the molecular mechanism by which the celiac
disease antibodies modulate the angiogenic process, we

applied a human endothelial cell biology microarray on
HUVECs treated with celiac or non-celiac total IgA. After
data analysis, a total of 10 genes showed consistent changes
in expression level between cells treated with celiac disease

Fig. 1 Microarray analysis of genes related to angiogenesis in
endothelial cells treated with/without autoantibodies derived from
celiac disease patients (CD). a A list of genes, which, after data
analysis, showed consistent changes in their expression level
between cells treated with CD IgA and control IgA. Numbers are mean
values of expression ratios from three separate experiments after treat-
ment with individual CD IgAwhen compared to controls. bValidation of

fibronectin (FN1) and integrin (ITGB1), performed by RT-PCR. Bars
represent the mRNA level for the considered gene in arbitrary units (AU).
The error bars indicate the standard error of mean. The experiments were
performed in triplicate and repeated three times. *p<0.05 or **p<0.01
when compared by Student’s t test. c Hierarchical cluster of the genes
included in the microarray. The magnitude of gene expression is defined
in different colors according to down- or up-regulation
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HUVECs treated with total
celiac disease IgA (CD IgA) or
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Mab) compared with controls
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To verify the importance of RhoB in the modulation
of endothelial cell behavior exerted by the celiac patient
autoantibodies against TG2, we studied whether silenc-
ing of RhoB by siRNA could reverse the effect of
celiac autoantibodies. siRNA for RhoB was able to
inhibit the up-regulation of RhoB induced in HUVECs
by celiac patient total IgA as well as celiac disease
monoclonal autoantibodies and considerably reduced
overall RhoB protein expression (Fig. 4a). Importantly,
RhoB siRNA in HUVECs were able to prevent the
decrease in endothelial cell length induced by celiac
IgA and celiac monoclonal autoantibodies and to restore
the length to control level (Fig. 4b, c). Since RhoB is
highly homologous to RhoA, we also tested whether
siRNA-RhoA is able to circumvent the effects of celiac auto-
antibodies on HUVECs, but this was not the case (Fig. 4).
Celiac autoantibodies did not have any effect on the number of
living endothelial cells (data not shown), suggesting that the

antiangiogenic effect in response to celiac autoantibodies is
not due to increases in apoptosis.

RhoB function is controlled by its post-translational
modification, namely, farnesylation exerted by an en-
zyme farnesyl transferase [25]. In this regard, an in-
crease in the colocalization of RhoB and farnesyl
transferase was evident after treatment celiac patient
anti-TG2 auto-antibodies (Fig. 5a, b). Moreover, simvas-
tatin, a cholesterol-lowering drug, which is also reported
to inhibit RhoB farnesylation [24], was able to decrease
the amount of RhoB in the present of celiac-type auto-
antibodies and abolish their effects on endothelial tubule
length (Fig. 5c, d).

To address the importance of migration during angiogen-
esis, we performed scratch wound assays. Monoclonal celiac
patient autoantibodies significantly reduced the number of
migrating endothelial cells when compared to control anti-
body (Fig. 6a, b). Interestingly, both siRNA-RhoB and

Fig. 4 The effect of RhoB silencing on angiogenic response. aEndothelial
cells were treated with small interfering RNA for RhoB (siRNA-RhoB)
and for RhoA (siRNA-RhoA) or scramble sequence as control (siRNA-
scramble). Thereafter, the cells were treated with celiac disease IgA (CD
IgA) or monoclonal antibodies derived from celiac patients (CDMab) and
their respective controls (non-CD IgA or non-CD Mab) and non-treated
(Basal) for 24 h and lysed for further analysis by Western blot. Represen-
tative Western blots of RhoB and RhoA synthesis were normalized using
γ-tubulin. b Endothelial cells treated as described above were cultured on
collagen for 24 h after which endothelial length was measured. Bars

represent the average value of endothelial length in percentage when
compared to basal group without any treatment (n09). The error bars
indicate the standard error of mean. *p<0.0001 when compared by two-
way ANOVA within subjects using a SNK as post hoc comparison. c
Representative images of HUVECs grown on collagen for 24 h without
any supplementation (basal) or in the presence of CD or non-CD IgA or
CD or non-CD Mab and cotreatment of antibodies derived from CD with
siRNA for RhoB (siRNA-RhoB + CD IgA and siRNA-RhoB + CDMab)
and RhoA (siRNA-RhoA + CD IgA and siRNA-RhoA + CD Mab)
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Figure 3. RhoB expression is up regulated after the treatment with antibodies agains transglutaminase 
2. A. expression of RhoB after addition of antibodies in cultures of endothelial cells. B, C and D. The silencing 
of the protein rescued the vascular formation even when antibodies are present. 


