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Abstract
The intestinal neoplastic transformation is a possible risk of chronic inflammatory bowel disease (IBD). Previous evidence in mice
IBD provides a role for the RAS-association domain family tumor suppressor protein 1 A (RASSF1A), in the repairing process
following mucosa epithelium damage, through cooperation with the HIPPO-signaling molecules p73, and YAP. HIPPO pathway
which has been implicated in stem cell activity includes as key components for signal transduction the large tumor suppressor
homology Ser/Thr kinases LATS1/2. The aim of this study was to assess immunohistochemically, using specific antibodies, the
RASSF1A and LATS1/2 expression patterns in a cohort of patients with IBD including 52 ulcerative colitis (UC), 24 Crohn’s
disease (CD) and 24 IBD unclassified (IBD-U), compared with normal intestine from non-IBD patients (control group). The
relationship between subtypes of IBD and RASSF1A and LATS1/2 expression, both individually and related to p73 and YAP/
pYAP(Ser127) proteins was also investigated. Quantitative analyses of the immunohistochemical findings in mucosa cells revealed
a significantly decreased expression in UC and IBD-U for RASSF1A expression and a significantly elevated expression in UC,
IBD-U, and CD for LATS1/2 expression comparedwith normalmucosa (P < 0.05). However, ROC curve analysis showed that only
LATS1/2 could differentiate IBD from control group. RASSF1A expression was significantly correlated with LATS1/2 in UC with
dysplasia (P < 0.0001), and p73 in UC (P < 0.001), and IBD-U (P < 0.02). The expression of all proteins did not differ significantly
between subtypes of IBD (P ≥ 0.05). RASSF1A-LATS1/2 co-expression was mainly observed in IBD samples. These findings
suggest that tumor suppression proteins RASSF1A and LATS1/2 may be involved in the pathogenesis of human IBD and imply a
potential cooperation of RASSF1A, and HIPPO signaling pathways in human bowel inflammation.
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Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are the two
forms of inflammatory bowel disease (IBD). Significant dif-
ferences may distinguish UC from CD. Particularly, the in-
flammation in UC is limited to the mucosal layer and affects

with variable extension the rectum towards the cecum where-
as, in CD, involves a transmural process, extending mostly to
the terminal ileum and colon [1–3]. IBD resections with fea-
tures of both UC and CD are categorized as Bindeterminate^
or IBD unclassified (IBD-U), and over the years remain a
controversial aspect between clinicians and pathologists [4,
5]. Mucosal remodeling is the major mechanism preserving
the intestine homeostasis in inflamed bowel. However, the
mucosa, especially the crypts, cannot be completely recon-
structed in chronic IBD. Crypt abscesses and distortions are
combined with the loss of crosstalk between crypt epithelium
and subepithelial myofibroblasts which results in unrestricted
induction of epithelial cells apoptosis [6]. Therefore, the lack
of efficient control of cell proliferation may gradually lead to
the development of dysplasia and colorectal cancer (CRC) in
these patients [7].
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RAS association domain family protein 1 (RASSF1), a
classical member of RAS effector pathways, consists of eight
alternative transcripts RASSF1A-RASSF1H [8]. Only infor-
mation regarding the functions of ubiquitously expressed iso-
forms A and C is available. RASSF1A is a 340-residue protein
which mediates apoptosis, cell cycle arrest and gene stability
whereas RASSF1C, a smaller isoform, although it appears to
share many of the biological characteristics of RASSF1A has
been implicated in unique functions not shared by RASSF1A
[9]. Moreover, RASSF1A disrupts interactions among
MDM2, an ubiquitin ligase that promotes p53 ubiquitination
and degradation, DAXX (death-domain-associated protein)
and the deubiquitinase HAUSP, in nucleus, thus contributing
to the efficient p53-dependent at early time checkpoint activa-
tion in response to DNAdamage [10]. In addition to these well
characterized functions, RASSF1A, as a scaffolding protein,
can assemble and modulate tubulin dynamics controlling cell
motility and invasion [8]. Importantly, RASSF1A is frequent-
ly found inactivated by promoter methylation in a large vari-
ety of human cancers e.g. lung, breast, ovarian cancers and
CRC [11] as well as in tissues of UC [12] and normal colonic
mucosa [12–14]. Recently, RASSF1A has been shown to play
an essential role for protection against intestinal inflammation
through cooperation with HIPPO pathway [15].

The mammalian HIPPO signaling is involved in stem cell
activity, controlling tissue size during development and nor-
mal homeostasis, and suppressing tumor growth [16, 17].
Particularly, intercellular contacts and membrane adhesion
complexes mediate signal transduction through the main com-
ponents of this pathway, which are highly conserved in mam-
mals, and include the Sterile 20-like kinases MST1 andMST2
with their regulatory protein WW45 (SAV1), and the large
tumor suppressor homology Ser/Thr kinases LATS1 and
LATS2, with their regulatory protein MOBKL1A/B
(MOB1). Once activated the MST1/2 kinases, phosphorylate
LATS kinases and negatively regulate cell proliferation.
Briefly, phosphorylation of LATS kinases follows a phosphor-
ylation procedure of the transcriptional coactivators YAP at
Ser 127 and TAZ at Ser 89, so as form binding sites for 14–3-3
proteins, which localize and anchor YAP/TAZ in the cyto-
plasm, and direct YAP for proteolytic degradation. In the ab-
sence of this inhibitory phosphorylation, these transcription
factors enter to the nucleus, where they interact with transcrip-
tional factors which promote cell proliferation [18]. On the
other hand, in cells undergo apoptosis upon exposure to severe
DNA damage stress, YAP binds to p73 transcription factor
which is a p53-like tumor suppressor and activates the tran-
scription of proapoptotic genes. This is mediated through
phosphorylation of YAP at position Tyr357 by c-Abl protein
providing higher affinity of YAP to p73 [19]. The cross-talk of
RASSF1A and HIPPO pathways is triggered from stimuli
outside the cell which mediate activation of the Fas and TRF
death receptors. The intermediate steps encompass the

RASSF1A-driven activation of MST2 by relieving it from
Raf1 and association of MST2 with its substrate LATS1.
This induces phosphorylation and release of YAP, allowing
its translocation to the nucleus and binding to p73 and tran-
scriptional activation of cell death genes [20]. Thus, opposite
roles have been proposed for YAP: as growth promoting
oncoprotein and as a tumor suppressor, depending on the cel-
lular context [16, 17, 21].

In normal bowel, YAP is kept largely inactive and is mainly
expressed in crypts modulating stem cell population numbers
[22]. Recently, Barry et al. (2013) demonstrated that the cyto-
plasmic YAP suppresses, through inhibition of Wnt-signaling
pathway, the intestinal renewal and allows progress from a
proliferative progenitor/stem cell to a postmitotic, differenti-
ated fate [23]. Further investigations have shown that NFκB-
dependent intestinal inflammation results in Tyr357-
phosphorylation of YAP which in turn drives colonic cell
death (via p73 association) in DSS (dextran sulphate sodi-
um)-treated RASSF1A knockout mice, leading to increased
gut permeability, lack of effective epithelial repair and poor
survival of the animals. On the other hand, increased translo-
cation of YAP to nucleus followed by enhanced proliferation
of crypt cells was observed in wild-type mice upon DSS treat-
ment [15]. Moreover, elevated expression of YAP has been
reported in human hyperplastic epithelium of colon [22] as
well as in CRC [24, 25].

In this study, we examined the RASSF1A and LATS1/2
expression patterns in a cohort of patients with IBD compared
with control intestine samples. Furthermore, the relationship
between subtypes of IBD and RASSF1A and LATS1/2 ex-
pression, both individually, and related to p73, and YAP/
pYAP(Ser127) proteins was studied.

Materials and Methods

Patients The computerized files of the Department of
Pathology at BAgios Andreas^ Hospital, Patras were searched
for IBD, UC, and CD from the January 2010 to December
2014. By careful chart review, data were collected on demo-
graphic and clinical variables, including age, gender and, IBD
subtype, duration and extent of disease and, the presence or
absence of dysplasia. After the diagnosis-based search the
following study groupswere selected: 47 cases of unequivocal
UC (43 active, 4 quiescent) (mean age, 49.6; range, 21–85), 5
cases of UCwith dysplasia (low grade) (mean age, 50.6; range
21–80), 24 cases of Crohn’s disease (mean age, 47.63; range,
16–88) (9 ileitis, 15 colitis), and 24 cases of IBD with term of
unclassified (IBD-U) (mean age, 47.54; range, 18–85) (48
males, 52 females). Pre-existing haematoxylin and eosin (H
and E) stained sections of specimens reported as showing one
of the above diagnoses were reviewed and confirmed by one
pathologist included in the study (EP). The corresponding
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tissue blocks were retrieved from archival files of the
Department of Pathology at BAgios Andreas^ Hospital,
Patras. The control group comprised of normal gut tissue sam-
ples from non-IBD patients (n = 15; mean age, 70.53 years,
range, 36–86 years, 7 males, 8 females) excluded due to colon
cancer (retrieved up to 5 cm away from the tumor’s edge),
postoperative ileus, and lipomatosis of the ileocecal valve
which were collected from the same department, during the
same period. The study population was of Greek origin. The
use of the human specimens was in accordance with the
University Ethics Commission. All research protocols were
conducted, and patients were treated in accordance with the
tenets of the Declaration of Helsinki.

Immunohistochemistry Immunohistochemistry was per-
formed using the un-avidin-biotin complex technique named
Envision (Dako Cytomation; Agilent Technologies, Inc.,
Santa Clara, CA, USA). Consecutive (semi-serial) 4-μm sec-
tions were cut from formalin-fixed, paraffin embedded tis-
sue. Sections were mounted on silanized slides and allowed
to dry overnight at 37 °C. After deparaffinization and rehy-
dration, antigen retrieval was performed by microwaving the
slides in 0.01 M citrate buffer (pH 6). Endogenous peroxi-
dase activity was quenched by treatment with 1% hydrogen
peroxide solution for 20 min. Incubation at room temperature
with 1% bovine serum albumin (SERVA, Heidelberg,
Germany) in Tris-HCL-buffered saline was performed for
10 min. Tissue sections were subsequently incubated with
primary antibodies overnight at 4 °C. Primary antibodies
included the following mouse monoclonal antibodies: Anti-
RASSF1 (clone 8E4) (dilution 1:150) (corresponding to ami-
no acids 1–340 of human RASSF1A), Anti-p73 (clone
EP436Y) (dilution 1:100) (raised against to human p73 ami-
no acids 50–150), and a rabbit polyclonal antibody Anti-
LATS1 and LATS2 (phosphorylated at threonine
1079/1041) (dilution 1:100) which were purchased from
Abcam (Cambridge, UK). Furthermore, a mouse monoclonal
Anti-YAP (clone 1A12) (dilution 1:250) (which recognizes
endogenous levels of total YAP protein) and a rabbit mono-
clonal Anti-phospho-YAP(Ser127) (clone D9W2I) (dilution
1:2000) (which recognizes endogenous levels of YAP pro-
tein only when phosphorylated at Ser127) were purchased
from Cell Signaling Technology (Beverly, MA). After three
rinses in buffer, the slides were incubated with the secondary
antibody (Envision System). Tissue staining was visualized
with 3,3 -diaminobenzidine (DAB) as a chromogen (which
yielded brown reaction products). Slides were counterstained
with Mayer’s hematoxylin solution, dehydrated and
mounted. To ensure antibody specificity, negative controls
included the omission of primary antibody and substitution
with non-immune serum. Control slides were invariably neg-
ative for immunostaining. As positive controls, human non-
small cell lung carcinoma for RASSF1A [11] and YAP [26],

astrocytomas for LATS1/2 [27], and urinary bladder carcino-
ma for p73 were used [28].

Scoring All immunohistochemical sections were assessed
blindly and independently by two observers (MA and
PN), followed by joint review for resolution of any dif-
ferences. The expression of proteins was determined as
the mean percentage of positive mucosa epithelial cells
in manually counted, with the aid of an ocular grid, ten
non-overlapping, random fields (total magnification,
×400) for each case (labeling index, LI; % labeled cells).
Immunopositively stained endothelial and lamina propria
cells were excluded from the cell counts. The co-
expression analysis was assessed for immunopositive
samples, in adjacent (semi-serial) sections of each sample.
In this study, a sample was designated as immunopositive
when more than equal to 10% of mucosa epithelial cells
were reactive. Microphotographs were obtained using a
Nikon DXM 1200C digital camera mounted on a Nikon
Eclipse 80i microscope and ACT-1C software (Nikon
Instruments Inc., Melville, NY, USA).

Statistical Analysis Non-parametric methods were used for
statistical analysis of the results. Median comparisons were
performed with Wilcoxon’s Rank-Sum test (equivalent to the
Mann-Whitney U test) and the Kruskal-Wallis test.
Correlation analysis was performed by utilizing Kendall’s τ
(or Spearman’s ρ) rank correlation to assess the significance of
associations between LIs. For assessment of diagnostic accu-
racy (test sensitivity and specificity), the receiver operating
curves (ROC) with area under curve (AUC) analysis were
generated. P values of 0.05 were considered to indicate a
statistically significant difference. Statistical analyses were
carried out using the SPSS package (version 17.0; SPSS,
Inc., Chicago, IL, USA).

Results

Immunoexpression of RASSF1A in IBD Patients
and Control Intestine Samples

RASSF1A expression was significantly decreased in UC (P =
0.03) and IBD-U (P = 0.01) compared with mucosa of control
intestine samples whereas there was not statistically difference
between mucosa of control intestine samples and CD (P ≥
0.05; Table 1). There was a positive correlation of
RASSF1A expression with the female gender in UC patients
(P = 0.004). The immunolocalization of RASSF1A protein
expression was mixed nuclear/cytoplasmic in mucosa cells
distributed in the entire epithelium. The intensity staining
was moderate to strong in normal mucosa cells whereas in
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inflammatory intestine, the immunostaining pattern included
also weak immunostained cells (Fig. 1).

Immunoexpression of LATS1/2 in IBD Patients
and Control Intestine Samples

LATS1/2 expression was statistically increased in UC,
IBD-U and Crohn’s disease samples compared with muco-
sa of control group (P < 0.0001; Table 1). A strong signif-
icant correlation between LATS1/2 and RASSF1A expres-
sion in UC samples with dysplasia was observed
(Spearman correlation = 0.506, P < 0.0001). Moderate to
strong immunoreactivity for LATS1/2 expression was pri-
marily localized within the cytoplasm of mucosa cells dis-
tributed in the entire epithelium and, in some cases, in cells
in lamina propria, and enteric nervous system (Fig. 1).
ROC curve analysis showed that LATS1/2 could differen-
tiate ulcerative colitis from control samples with an AUC
of 0.798 (95% CI 0.679–0.917), IBD-U from control sam-
ples with an AUC of 0.854 (95% CI 0.735–0.973), and
Crohn’s disease from control samples with an AUC of
0.890 (95% CI 0.786–0.994) (Fig. 2).

Immunoexpression of p73 in IBD Patients and Control
Intestine Samples

Weak to strong p73 staining was confined to the nuclear area
of mucosa cells distributed, in most cases, in the entire epithe-
lium (Fig. 1). Expression of p73 did not differ significantly
between control intestine and IBD samples (P ≥ 0.05;
Table 1). The expression of p73 was significantly correlated
with RASSF1A in UC (Spearman correlation = 0.440,
P < 0.001) and IBD-U (Spearman correlation = 0.464,
P < 0.02).

Immunoexpression of YAP and pYAP(Ser127) in IBD
Patients and Control Intestine Samples

The immunolocalization of YAP and pYAP(Ser127) in epithe-
lial cells was primarily cytoplasmic (Fig. 1). Immunoreactivity
of YAP showed the same distribution pattern as pYAP(Ser127)
did and a significant strong correlation between YAP and
pYAP(Ser127) expression was found (P < 0.0001). However,
YAP nuclear immunolocalization was also noticed in a few
epithelial cells of some UC samples. Expression of YAP and
pYAP(Ser127) did not differ significantly between control

Table 1 RASSF1, LATS1/2, p73, YAP and pYAP(Ser127) labeling index (LI) in mucosa of human IBD and control intestine samples

RASSF1 LIs
Mean ± SD, % (range)

LATS1/2 LIs
Mean ± SD, % (range)

p73 LIs
Mean ± SD, % (range)

YAP LIs
Mean ± SD, % (range)

pYAP(Ser127) LIs
Mean ± SD, % (range)

Ulcerative colitis (n = 52) 35.83 ± 37.03a (0–100) 51.33 ± 37.93e (0–100) 7.96 ± 22.19 (0–90) 3.50 ± 8.83 (0–40) 2.39 ± 9.82 (0–60)

Active (n = 43) 43.67 ± 37.04 83.68 ± 28.26 7.96 ± 22.19 3.50 ± 8.83 2.94 ± 9.24

Quiescent (n = 4) 0.00 ± 0.00 33.75 ± 36.37 0.00 ± 0.00 0.00 ± 0.00 1.85 ± 2.50

With dysplasia (n = 5) 28.00 ± 37.00 36.60 ± 49.23 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

IBD-U (n = 24) 33.46 ± 37.14b (0–95) 62.63 ± 37.98f (0–100) 8.75 ± 24.90 (0–70) 7.78 ± 9.45 (0–40) 3.54 ± 9.07 (0–60)

Active (n = 12) 39.83 ± 42.74 75.83 ± 35.16 7.50 ± 25.18 1.25 ± 0.95 0.50 ± 0.79

Quiescent (n = 12) 27.08 ± 31.33 49.41 ± 40.81 10.00 ± 24.56 14.29 ± 17.96 6.59 ± 17.36

Crohn’s disease (n = 24) 52.12 ± 36.84c (0–100) 61.25 ± 34.83g (0–100) 6.29 ± 13.53 (0–75) 9.00 ± 20.88 (0–75) 3.20 ± 14.24 (0–70)

Active (n = 10) 47.54 ± 40.85 61.45 ± 35.50 1.85 ± 2.41 17.45 ± 40.73 6.20 ± 11.40

Quiescent (n = 14) 56.78 ± 32.84 61.07 ± 34.10 10.71 ± 24.65 0.66 ± 1.03 0.24 ± 0.74

Normal intestine (n = 15) 60.00 ± 32.67d, h (0–95) 10.93 ± 24.51i (0–70) 4.66 ± 18.07 (0–70) 31.87 ± 44.23 (0–95) 13.73 ± 28.78 (0–80)

The (non-parametric) Wilcoxon’s Rank-Sum test was performed and the level of significant was defined as P < 0.05

LI, the percentage of positively-labeled cells from the total number of epithelial cells counted

IBD-U inflammatory bowel disease unclassified; UC ulcerative colitis, CD Crohn’s disease, LI labeling index, SD standard deviation
aP < 0.0001 vs. p73, YAP, and pYAP in UC
bP < 0.0001 vs. p73, YAP, and pYAP in IBD-U
cP < 0.0001 vs. p73, YAP, and pYAP in CD
dP = 0.001 vs. LATS1/2, p73, and P = 0.01 for YAP, pYAP in normal intestine
eP < 0.0001 vs. RASSF1, p73, YAP, and pYAP in UC
fP < 0.001 vs. RASSF1, p73, YAP, and pYAP in IBD-U
gP < 0.0001 vs. p73, YAP, and pYAP in CD
hP = 0.03 vs. UC and P = 0.01 for IBD-U
iP < 0.0001 vs. UC, IBD-U and CD
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intestine and IBD samples (P ≥ 0.05; Table 1). In mucosa of
control group, a strong inverse correlation between
pYAP(Ser127) and RASSF1A expression was observed
(Spearman correlation = −0.804, P < 0.0001). YAP expression
was significantly correlated with p73 expression in UC
(Spearman correlation = 0.274, p = 0.01).

No significant difference was detected for all proteins exam-
ined between subtypes of IBD (P ≥ 0.05). Co-expression of
RASSF1Awith LATS1/2 and p73/or pYAP(Ser127) was found
in IBD and control samples (Table 2). A few (3%) IBD samples
demonstrated RASSF1A and p73/or pYAP(Ser127) co-expres-
sion, being LATS1/2 immunonegative. Finally, although the
median age of the cohort of healthy controls was higher than
that of IBD patients, there was no significant correlation

between age at the time of biopsy and expression of
RASSF1A, LATS1/2, p73, and YAP proteins (P ≥ 0.05).

Discussion

Previous studies report expression of RASSF1A [12–14] and
the members of HIPPO pathway YAP and, p73 in human
normal mucosa [25, 29]. In this study, expression profile of
RASSF1A and HIPPO signaling pathway phosphorylated ki-
nases LATS1/2, and p73, and YAP proteins was analyzed in
patients with IBD compared with control intestine. RASSF1A
expression decreased significantly in UC and IBD-U com-
pared with control samples. It is worth noting that, expression

Fig. 1 Panel comparing RASSF1A, LATS1/2, p73, YAP, and
pYAP(Ser127) expression in representative samples of normal intestine
(a–d), UC (e–h), and CD (i–l). a Strong diffuse immunoreactivity for
RASSF1A is detected in the most of mucosa cells in normal intestine.
Note that cells in lamina propria are RASSF1A-immunopositive. bWeak
cytoplasmic immunoreactivity in some mucosa cells for LATS1/2 in
normal intestine. c, d Photomicrographs from adjacent sections of the
same normal intestine sample demonstrating strong cytoplasmic
immunoreactivity in mucosa cells for YAP (d) and not for
pYAP(Ser127) (c). Note pYAP(Ser127)-immunopositivity in mucosal
muscle layer and vessels (arrows) as internal positive control (c). e
Variability of RASSF1A immunostaining is detected in UC. Note that
some mucosa cells show weak to moderate immunoreactivity whereas
immunostaining is absent in certain mucosa cells. Cells in lamina propria
are RASSF1A-immunopositive. This specimen was LATS1/2-
immunopositive and p73/pYAP(Ser127)-immunonegative. f Moderate
to strong cytoplasmic immunoreactivity is found for LATS1/2 in
numerous cells of mucosa (LI = 90) in this UC sample. (f, insert)

Immunostaining is absent in negative control sections. g Weak to
moderate cytoplasmic immunostaining for pYAP(Ser127) protein is
distributed in mucosa cells of this UC specimen (LI = 60). h Mucosa
cells exhibit p73 nuclear immunoreactivity (arrows) in this UC
specimen (LI = 50). In addition, RASSSF1A (LI = 95) and LATS1/2
(LI = 20) expression was detected. i A high percentage of mucosa cells
(LI = 95) display strong cytoplasmic and nuclear immunoreactivity for
RASSF1A in this CD specimen. Increased expression for LATS1/2
(LI = 80) was also found whereas immunoreactivity for p73 and
pYAP(Ser127) was not detected. j The LATS1/2-expressing cells with
strong immunostaining (LI = 80) are distributed in the entire mucosa of
this CD sample. (j, insert) This CD sample did not display RASSF1A
immunostaining (LI = 0). kMucosa cells of CD demonstrate cytoplasmic
immunolocalization for YAP (LI = 75). l Arrows indicate p73-
immunopositive cells with weak nuclear immunoreactivity in this CD
sample. RASSF1A immunopositivity was detected (LI = 80).
Counterstain, hematoxylin; original magnification, ×400; scale bar,
50 μm
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of RASSF1Awas similar in CD and control intestine. Previous
knowledge shows that promoter hypermethylation of
RASSF1A exists in a vast number of cancerous and precan-
cerous colorectal tissues [30]. Notably, RASSF1Amethylation
has been reported in an important percentage of matching nor-
mal colonic mucosa tissues available for CRC [12, 13, 31]
suggesting that silencing of RASSF1A, in sites proximal to
tumor, may play a role in colorectal cancer. Abouzeid et al.
(2011) also reported RASSF1A hypermethylation in 26%
(5/19) of UC samples included in their study [12]. According
to the above data, RASSF1A–immunonegativity found in cer-
tain control and IBD intestine samples of our study may be the
result of promoter silencing due to possible methylation.
Moreover, in the present study, RASSF1A immunolocalization
in mucosa cells, mainly in IBD samples, was cytoplasmic as
well as nuclear. There is emerging evidence implicating
RASSF1A with MDM2 in the nucleus promoting MDM2
self-ubiquitination in cell-cycle p53 checkpoint control in re-
sponse to DNA damage [10]. Considering that RASSF1A me-
diates RAS-dependent apoptosis, the nuclear immunolocaliza-
tion may indicate a specific role in proapoptotic events to pro-
tect mucosal cells. Additionally, a positive correlation of
RASSF1A expression with the female gender in UC patients

was found. This observation confirms previous results show-
ing higher frequency of loss of RASSF1A expression in men
compared with women [14].

LATS1/2 expression was significantly increased in UC,
IBD-U as well as CD compared with control mucosa.
LATS1 and LATS2 kinases are classically found as key mol-
ecules in the HIPPO pathway, but they are also implicated in
the regulation of cytoskeletal dynamics and migration, protein
stability, transcriptional activity, and maintenance of genetic
stability [32]. Investigations in human tumors showed de-
creased expression of LATS1 in gliomas, breast, gastric, and
colorectal cancers, due to hypermethylation of LATS1 gene
promoter [27, 33] whereas, overexpression of LATS1
inhibited tumorigenicity in vivo by inducing apoptosis [34].
Furthermore, in vitro experiments in glioma cells revealed that
forced expression of LATS1 retarded cell cycle progression
[27]. Consequently, the elevated expression of LATS1/2 ki-
nases, independently of IBD subtype, may indicate a possible
role of these proteins in protection of mucosal cell integrity.
Interestingly, even though a high percentage of inflammatory
bowel disease samples co-expressed LATS1/2 and RASSF1A
proteins, only in UC samples with dysplasia, LATS1/2 expres-
sion levels were significantly associated with RASSF1A

Table 2 RASSF1A, LATS1/2,
p73, and pYAP(Ser127)
co-expression patterns in mucosa
of human IBD and control
intestine samples

RASSF1A-LATS1/2
positive samples

RASSF1A-LATS1/2-p73
positive samples

RASSF1A-pYAP(Ser127)
positive samples

Ulcerative colitis 26/52 (50.00%) 8/52 (15.38%) 1/52 (1.92%)

IBD-U 12/24 (50.00%) 2/24 (8.33%) 2/24 (8.33%)

Crohn’s disease 17/24 (70.83%) 1/24 (4.16%) 0/24 (0%)

Control group 3/15 (20.00%) 1/15 (6.5%) 1/15 (6.65%)

Adjacent (semi-serial) sections were used and samples with LIs ≥ 10 (10% immunopositive mucosa epithelial
cells) were considered as positive

IBD-U inflammatory bowel disease unclassified, LI labeling index

Fig. 2 Receiver operating characteristic (ROC) curve analysis using
examined LATS1/2 for discriminating IBD patients from healthy
individuals. AUC (the area under ROC curve) estimation for the

examination of LATS1/2 proteins in discrimination of the UC (a), CD
(b) and IBD-U (c) patients from the healthy individuals
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expression. Moreover, curve analysis revealed that the elevat-
ed expression of LATS1/2 proteins in mucosa cells could be
used to distinction of IBD patients, independently of disease
activity and type, from healthy individuals. Since endoscoping
healing after a therapy treatment is not necessarily paralleled
by histological healing in IBD and the histological features of
IBD are variable in time [35], the management of IBD patients
requires the identification of sensitive and specific molecular
markers to distinguish long standing IBD patients from nor-
mal as well as assessment of different types and disease activ-
ity of IBD.

It is well known that the impact of RASSF1A on HIPPO
signaling may modulate different apoptotic pathways recruiting
many proteins to promote cell death [36]. The interaction be-
tween RASSF1A and HIPPO pathways has been shown to
potentiate apoptosis through p73 activation in an experimental
model of chemically induced colitis inmice [15]. In this study, a
proportion of RASSF1A-LATS1/2-immunopositive IBD and
control intestine samples displayed co-expression of p73.
Furthermore, the nuclear expression levels of p73 coincided
significantly with RASSF1A expression in UC and IBD-U
samples. The above facts indicate a potential cooperation of
RASSF1A and HIPPO signaling pathway in human inflamed
intestine. Importantly, a few IBD samples demonstrated
RASSF1A and p73/or pYAP(Ser127) co-expression, being
LATS1/2 immunonegative suggesting that further investigation
is needed for the molecular mechanisms underlying RASSF1A
and HIPPO cross-talk in human IBD.

Finally, previous reports have shown the lack of response
of some UC and CD patients with the anti-TNF agents such as
infliximab [37, 38]. As the intestinal inflammation involves
both loss of epithelial cells accompanied with increased epi-
thelial proliferation, as a repair mechanism, inhibiting possible
disproportionate crosstalk between RASSF1A and HIPPO
signaling may aid in designing future treatment schemes for
patients with chronic bowel inflammation.
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