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Abstract. The association between inflammatory bowel 
disease (IBD) and colorectal cancer (CRC) is being increas-
ingly investigated. HtrA1 overexpression inhibits cell growth 
and proliferation by influencing apoptosis, invasiveness and 
migration of tumour cells. In the present study, HtrA1 expres-
sion was analysed in 228 colon tissue samples from patients 
with CRC, adenoma with high-grade dysplasia (AHD), 
adenoma with low-grade dysplasia (ALD), ulcerative colitis of 
>10 year duration (UCL), ulcerative colitis of <5 year duration 
(UCS) and colonic diverticulitis (D), and was compared with 
its expression in normal colon tissues (NCTs) collected 5 cm 
from the CRC lesion and in healthy colon mucosa (HC), to 
establish whether HtrA1 can serve as a biomarker for these 
conditions. All tissue specimens came from Italian Caucasian 
subjects. The main finding of the present study was that HtrA1 
expression was significantly reduced in CRC and UCL tissues 
compared with that observed in both NCT and HC samples 

and with tissues from the other patients. In particular, a similar 
HtrA1 expression was detected in the stromal compartment 
of UCL and CRC samples. In contrast, the HtrA1 level was 
significantly lower (p=0.0008) in UCL compared with UCS 
tissues, suggesting an inverse relationship between HtrA1 
expression and ulcerative colitis duration. HtrA1 immunos-
taining in the stromal compartment of AHD and ALD tissues 
showed no differences compared with the HC tissues. No data 
are available on the immunohistochemical localization of 
HtrA1 in CRC or IBD. The present findings suggest that HtrA1 
could serve as a marker to identify UCL patients at high risk 
of developing CRC.

Introduction

Colorectal cancer  (CRC) is a highly common malignancy 
in European countries  (1-3) and worldwide  (3). According 
to GLOBOCAN data (3), 1.36 million new cases affecting 
17.2/100,000 individuals (746,000 men and 614,000 women) 
are diagnosed worldwide each year; of these patients, 693,000 
(373,000 men and 320,000 women) die, accounting for a yearly 
mortality rate of 8.4/100,000. Crucially, more than 95% of 
CRC patients may benefit from surgical treatment when diag-
nosed early (4). CRC is sporadic in 90% of patients, whereas 
in <10% of cases it is inherited (5,6) or is a complication of 
inflammatory bowel disease (IBD), either ulcerative colitis 
(UC) or Crohn's disease (CD) (7-9). In the majority of cases, 
CRC develops from adenoma, a preclinical benign precursor; 
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the progression from early adenoma to invasive cancer takes 
years (10,11).

A growing body of evidence supports the notion that 
inflammation and CRC are interrelated (12,13). The confirmed 
risk factors for the association between IBD and CRC are 
duration, severity, and extent of the inflammatory disease, 
concurrent primary sclerosing cholangitis (PSC), and a family 
history of CRC (14,15). Whereas the link between chronic 
inflammation and cancer is well recognized, the molecular 
mechanisms involved in the association between IBD and 
CRC are largely unknown. The need for a greater knowledge 
of their underlying molecular biology, immune pathobiology, 
and genetic processes has been driving an intense research 
effort (16-19).

High-temperature requirement serine protease A (HtrA) 
is a heat-induced gene, indispensable for bacterial survival 
at elevated temperatures, that was first identified in 
Escherichia coli (20). Subsequent studies have indicated that it 
degrades misfolded protein in the periplasm at high tempera-
tures (21). HtrA1, also called PRSS11 or L56, is one of the 
4 members of the human HtrA protein family (HtrA 1-4) that 
has been identified by Zumbrunn and Trueb (22) in human 
embryonic lung fibroblasts. As a serine protease, HtrA1 is a 
conserved protein that is widely expressed in normal tissue in 
several species (22).

HtrA1 plays a pivotal role in the fibroblast growth factor 
pathway, downregulating tumour progression (24). Changes in 
its expression have been reported in conditions such as osteo-
arthritis, age-related macular degeneration and cancer (25-27). 
It tends to be downregulated in the metastatic foci of various 
tumours compared with the primary tumour in a number of 
malignancies, such as melanoma, sarcoma, neuroblastoma and 
lung cancer (23,24), while its overexpression has been hypoth-
esized to inhibit growth and proliferation processes by acting 
on tumour cell apoptosis, invasiveness and migration (28). 
There are currently no data on the immunohistochemical 
localization of HtrA1 in CRC, colorectal adenoma or IBD.

In the present study, HtrA1 concentrations were deter-
mined in colon mucosa from patients with CRC, adenoma 
with high‑grade dysplasia (AHD), adenoma with low-grade 
dysplasia (ALD), UC of >10  year duration (UCL), UC of 
<5 year duration (UCS) and colonic diverticulitis (D), and 
compared with the expression found in normal colon tissues 
(NCTs) collected 5 cm from the CRC lesions and in colon 
tissues from healthy controls (HC), to test its ability to serve as 
a biomarker of these diseases.

Materials and methods

A total of 250 colon tissue specimens collected from July 1, 
2014 to July 30, 2015, and fixed with haematoxylin and eosin 
according to a standard protocol were retrieved from the 
pathology archives of the Sections of Pathological Anatomy 
of the University of L'Aquila (L'Aquila, Italy), the Hospital 
of Teramo (Teramo, Italy) and the Università Politecnica 
Delle Marche (Ancona, Italy). Specimens were reviewed by 
3 pathologists (G.C., G.Q. and R.M.) to confirm the histological 
diagnosis and select the more representative areas for immu-
nohistochemical analysis. The study protocol was approved by 
the Ethics Board of Teramo Health Service (26 June 2013) and 

was in line with the ethical standards laid down in the 1964 
Declaration of Helsinki.

Specimen characteristics. The 250 samples of colon mucosa 
examined are described in Fig. 1. Of these, 22 could not be 
evaluated for the reasons reported in the figure, leaving 
228 CRC, AHD, ALD, UCL, UCS, D, NCT and HC specimens 
for the analyses.

All specimens came from Italian Caucasian subjects who 
suffered from a single disease. The 37 CRC tissue specimens, 
17 (45.9%) from the right colon and 20 (54.1%) from the left 
colon, were obtained from patients subjected to radical surgical 
resection of the primary tumour. Two different tissue samples 
were obtained from these specimens; one representative of 
CRC and another of NCT. The latter samples were collected at 
a distance of 5 cm from the neoplastic lesion and their normal 
features were established by histology.

CRC specimens. Tumour staging was based on the TNM 
classification, the Dukes' system and histological grading. 
The latter included the following classification: well differ-
entiated  (G1), moderately differentiated  (G2) and poorly 
differentiated (G3). Genetic and epigenetic alterations were not 
assessed in these specimens.

Adenoma specimens. The 49 specimens of conventional 
adenoma (tubular, villous, tubulovillous) were divided into 
2 groups according to the grade of dysplasia: 22  (44.9%) 
were adenomas with high-grade dysplasia and focal low-
grade dysplasia (AHD) and 27 (55.1%) were adenomas with 
low-grade dysplasia (ALD). All adenomas were removed 
by colonoscopy. Sessile serrated adenomas/polyps were not 
included in this series.

Ulcerative colitis specimens. The 37 endoscopic biopsies 
from patients with UC were divided according to disease 
duration. There were 18 (48.6%) samples from patients with 
disease duration >10 years (UCL) and 19 (51.4%) from patients 
with disease duration <5 years (UCS). All UC patients showed 
mild/moderate clinical activity and mild/moderate mucosal 
lesions on colonoscopy.

Colonic diverticulitis specimens. The 32 samples from 
D patients had an average length of 23 cm (sigmoid colon; 
range, 12-30 cm).

Healthy specimens. The HC mucosal biopsies were from 
36 subjects without a family history of CRC or IBD who under-
went colonoscopy due to clinical signs related to haemorrhoid 
disease or IBS. This group did not include macroscopic lesions 
of large bowel mucosa.

The same exclusion criteria were applied to all tissue 
samples. Subjects with a personal or family history of malig-
nancy and those previously subjected to adjuvant therapy 
(chemotherapy or radiotherapy) were excluded. Subjects with 
a personal or family history of hereditary or familial CRC or 
familial adenomatous polyposis were also excluded, since the 
genetic and epigenetic mechanisms underpinning these forms 
are different from those of sporadic and UC-associated CRC.

Immunohistochemistry. Paraffin sections were processed 
for HtrA1 analysis as previously described  (29). Briefly, 
they were deparaffinized and rehydrated via xylene and a 
graded series of ethyl alcohol, and treated with Tween 0.3% 
in phosphate‑buffered saline  (PBS) for 25  min at room 



ONCOLOGY REPORTS  38:  418-426,  2017420

temperature. Sections were incubated for 50 min with 3% 
hydrogen peroxide in deionized water to inhibit endogenous 
peroxidase activity. To block non-specific background, they 
were incubated for 1  h at room temperature with normal 
serum. Sections were then incubated overnight at 4̊C with 
rabbit polyclonal HtrA1 antibody diluted 1:20 (ab38610; 
Abcam  PLC, Cambridge, UK). After washing in PBS, 
they were incubated with biotinylated secondary antibody 
(Vector Laboratories, Burlingame, CA, USA). The peroxidase 
ABC method (Vector Laboratories) was performed for 1 h 
at room temperature; 3',3'-diaminobenzidine hydrochloride 
(Sigma, St. Louis, MO, USA) was used as the chromogen. 
Sections were counterstained with Mayer's haematoxylin, 
dehydrated and mounted with Eukitt solution (Kindler 
GmbH and Co., Freiburg, Germany). Negative controls were 
performed by omitting the primary or the secondary antibody. 
Further negative controls were performed using an isotype 
control antibody (rabbit IgG, cat. ab27478; Abcam). Placenta 
tissue was used as a positive control.

Immunostaining evaluation. Immunohistochemical evalua-
tions were independently performed by 3 histologists (M.M., 
D.M. and C.L.). Immunostaining was evaluated in mucosal 
glandular and surface epithelial and in mucosal stromal 
cells and mucosal extracellular matrix. HtrA1 staining was 
scored as positive when brown precipitate was detected in the 
epithelial or in the stromal compartment of the mucosa. The 
expression level of HtrA1-stained cells by light microscopy 
was evaluated in a semi-quantitative manner and ranked as 
follows: 0 (negative, 0% of positive cells), 1 (weak positive, 
1-25% of positive cells), 2 (moderate positive, 26-60% of posi-
tive cells), and 3 (intense positive, 61-100% positive cells) at a 
magnification of x20, as previously described (30). A value 1 
was used as the cut-off. Accordingly, samples ranked 0 and 1 

were classified as ‘low expression’ and those ranked 2 and 3 
were classified as ‘high expression’.

Statistical analysis. Patient age is shown as the mean ± stan-
dard deviation (SD). As in our previous study of HtrA1 (31), 
the Kolmogorov-Smirnov test was performed in advance 
to check the normality of variables. Differences in HtrA1 
expression levels among groups were evaluated using the non-
parametric Kruskal-Wallis test. The inter-observer agreement 
of the immunohistochemical evaluations (colon mucosa) was 
calculated as follows: intensity, weak-high, of brown staining 
in epithelial cells in regards to the epithelial compartment, 
and intensity of the brown staining in cells and extracellular 
matrix (ECM) in regards to the stromal compartment (lamina 
propria). The inter-observer agreement was expressed using 
Cohen's κ statistic as follows: κ, <0.20 poor, 0.21-0.40 fair, 
0.41-0.60 moderate, 0.61-0.80 good and 0.81-1.00 very good 
agreement. The agreement was required, since the HtrA1 
antibody is not applied in routine diagnosis and cannot there-
fore be determined with an automatic analyzer. In addition, 
the observers were able to evaluate the background in the 
sections. The inter-observer agreement was calculated for the 
main groups (CRC, NCT, HC, UC, D and adenoma) not for the 
subgroups, since the histological elements that were evaluated 
were always the same.

Cohn's κ expresses the degree of agreement beyond 
chance. Cell counts were performed by 3  observers with 
different experience in light microscopy (LM) who were not 
aware of the histopathological diagnosis. Their LM experi-
ence was expressed by a score that took into account the 
number of years spent specializing in LM (score: 1, <5 years; 
2, >5 years); their daily LM work (1, <3 h/day; 2, >3 h/day), 
and the number of workshops/seminars attended (1, <5; 2, >5). 
These criteria allowed classifying the observers into those 

Figure 1. Flow chart of the tissue samples included in the present study.
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with strong experience (A and B) and limited experience (C). 
All evaluations were performed in a blinded manner. Global 
agreement was estimated for each group of samples.

The statistical significance of contingency tables was veri-
fied by the χ2 or Fisher's exact test as appropriate.

The present study had 91% power considering the following 
parameters: p=0.70 (expected proportion in CRC group), 
p=0.30 (expected proportion in HC group), sample size=37 
(CRC group), sample=36 (HC group), α=0.05.

All p-values <0.05 were considered statistically significant. 
There were no missing data. All analyses were carried out 
using SAS/STAT statistical software.

Results

A total number of 228  tissue samples were examined and 
divided into 6 groups (Fig. 1): group 1, 37 samples from CRC 

patients; group 2, 37 NCT samples from group 1 patients; 
group 3, 49 adenoma samples subdivided into low-degree 
dysplasia (ALD) and high-degree dysplasia (AHD); group 4, 
37 UC samples subdivided into short (UCS) and long disease 
duration (UCL); group 5, 32 samples from patients with D; 
group 6, 36 HC samples. The characteristics of each group 
are summarized in Table I. Since HtrA1 is a secreted protein, 
immunohistochemical HtrA1 staining was detected either 
in the cytoplasm of colonic epithelial or in stromal cells and 
ECM of the colon mucosa. HtrA1 staining was scored as low 
or high expression both in the epithelial and in the stromal 
compartment.

In HC and NCT specimens, HtrA1 expression was homo-
geneous in all segments of the colon and rectum, suggesting 
that its expression patterns in the different conditions are 
not affected by lesion site. HtrA1 expression did not differ 
in relation to age. HtrA1 was absent or weakly expressed 

Table I. Characteristics and site of tissue samples studied.

Characteristics	 CRC	 AHD	 ALD	 UCL	 UCS	 D	 NCT	 HC

Total no. of cases	 37	 22	 27	 18	 19	 32	 37	 36
Age (years)	 65.5±9.4	 66.6±9.1	 68.9±9.2	 55.4±14.5	 53.1±17.4	 58.4±16.2	 65.5±9.4	 53.0±10.0
(mean ± SD)
Sex, n (%)
  Female	 15 (40.5)	 6 (27.3)	 8 (29.6)	 10 (55.6)	 12 (63.2)	 13	 15 (40.5)	 23 (63.9)
  Male	 22 (59.5)	 16 (72.7)	 19 (70.4)	 8 (44.4)	 7 (36.8)	 19	 22 (59.5)	 13 (36.1)
Anatomic site, n (%)
sampling
  Right colon	 17 (45.9)	 5 (22.7)	 7 (25.9)	 17	 18 (50)
  Left colon	 20 (54.1)	 9 (40.9)	 14 (51.9)	 20	 17 (47.2)
  Transversum		  2 (9.1)	 5 (18.5)		  1 (2.8)
  Rectum	 6 (27.3)	 1 (3.7)
  Left colitis	 11 (61.1)	 12 (31.6)
  Sub-total colitis	   1 (5.6)	 1 (5.3)
  Total colitis	   6 (33.3)	 6 (63.1)
  Sigmoid colon	 32
Grading, n (%)
  G1	 12 (32.4)
  G2	 22 (59.5)
  G3	 3 (8.1)
TNM, n (%)
  pT1 (N0)	 7 (19.0)
  pT2 (11 N0 and 2 N1)	 13 (35.1)
  pT3 (10 N0, 3 N1, 1 N1c,	 16 (43.2)
  1 N2a, 1 N2b)
  pT4 (N2a)	 1 (2.7)
Dukes' stage
  A	 18 (48.6)
  B	 12 (32.4)
  C	 7 (19.0)

CRC, colorectal cancer; AHD, adenoma with high dysplasia; ALD, adenoma with low dysplasia; UCL, ulcerative colitis - duration of disease 
>10 years; UCS, ulcerative colitis - duration of disease <5 years; D, diverticulitis; NCT, normal colon tissues; HC, healthy controls.
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in the epithelium and in the stromal compartment of CRC 
sections (Fig. 2A), whereas NCT and HC samples showed a 
strong positive reaction in both compartments (Fig. 2G and H). 
In the adenoma samples, HtrA1 expression was weaker in 
the epithelium than in the stroma, without clear differences 
between AHD (Fig. 2B) and ALD (Fig. 2C) specimens. The 
immunostaining pattern of UCL tissue was very similar to that 
of CRC samples, with very weak staining in the epithelium 
and stroma (Fig. 2D), whereas UCS and D tissues showed 
moderate-high staining in the stroma and moderate-weak 
staining in the epithelium (Fig. 2E and F).

The results of HtrA1 expression in the tissue groups 
are summarized in Table II according to staining intensity 
(low/high). Statistically significant differences among the 
groups were found both in the stromal (p<0.0001) and the 

epithelial (p<0.0002) compartment. In the stromal compart-
ment, low HtrA1 expression was most frequent in samples from 
CRC and UCL patients (83.8 and 83.3%) and least frequent in 
HC tissue (2.8%); the difference was significant (p<0.0001). 
In the epithelial compartment, low HtrA1 expression was 
most frequent in UC patients with disease duration >10 years 
(94.4%) and least common in HC samples (8.3%).

Testing for differences in HtrA1 expression between 
diseases highlighted a number of statistically significant differ-
ences. Stromal compartment: CRC vs. AHD (p=0.0001); CRC 
vs. ALD (p=0.0001); CRC vs. UCL (p=1.0); CRC vs. UCS 
(p=0.0001); CRC vs. D (p=0.03); CRC vs. NCT (p=0.0001); 
CRC vs. HC  (p=0.0001); UCL vs. UCS  (p=0.0008); UCL 
vs. HC (p=0.0001); UCL vs. AHD (p=0.0001); and UCL vs. 
ALD (p=0.0001) (Table III). Epithelial compartment: CRC 

Figure 2. HtrA1 immunostaining in (A) CRC, (B) AHD, (C) ALD, (D) UCL, (E) UCS, (F) D, (G) NCT and (H) HC tissue. HtrA1 was weakly expressed in the 
epithelial and stromal compartment in (A) CRC compared with (G) NCT and (H) HC specimens. HC (H) shows strong HtrA1 immunostaining. Staining is 
clearly evident in the stroma compartment of (B) AHD and (C) ALD samples and is moderate and inhomogeneous in the epithelium. HtrA1 is weakly expressed 
in (D) UCL, whereas (E) UCS specimens show homogenous staining in the stroma and moderate staining in the epithelial compartment. (F) Moderate and 
homogeneous immunostaining is observed in diverticulitis samples (magnification, x20; green scale bar, 65 µm). CRC, colorectal cancer; AHD, adenoma with 
high-grade dysplasia; ALD, adenoma with low-grade dysplasia; UCL, ulcerative colitis of >10 year duration; UCS, ulcerative colitis of <5 year duration; D, 
colonic diverticulitis; NCT, normal colon tissues collected 5 cm from the CRC lesion; HC, healthy colon mucosa.
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vs. ALD (p=0.007); CRC vs. UCL (p=0.04); CRC vs. NCT 
(p=0.001); CRC vs. HC (p=0.0001); and AHD vs. HC (p=0.02); 
UCL vs. UCS (p=0.01); UCL vs. HC (p=0.0001); UCL vs. 
AHD (p=0.001); UCL vs. ALD (p=0.0001) (Table III). 

The data regarding overall and pairwise inter-observer 
agreement in the stromal and epithelial compartment are 
reported in Table IV. In UC patients, full agreement (k=100%) 
was found for immunostaining evaluation of the stromal 
compartment and very good agreement for the epithelial 
compartment (k=94.6%). In the stromal compartment, pair-
wise agreement (A vs. B) was very good for CRC (k=89%), 
adenoma  (k=93%), HC  (k=84%), and NCT (k=83%), and 
good for D  (k=75%), whereas in the epithelial compart-
ment it was very good for D (k=81%) and moderate for the 
other diseases (Table IV). The differences in the level of 
agreement between the evaluation of epithelial and stromal 
immunostaining are essentially due to the histological char-
acteristics of the colon epithelium, which is particularly rich 
in goblet cells. These cells contain mucin drops that occupy 
nearly the whole cell cytoplasm, making the assessment of 
cytoplasmic immunostaining more difficult in the epithelial 
compartment than in the stroma, where cells do not contain 
mucin drops.

Discussion

To the best of our knowledge, the present study is the first to 
examine HtrA1 expression in CRC, AHD, ALD, UCL, UCS, 
NCT and HC samples by immunohistochemistry. HtrA1 
immunostaining was detected in the epithelium and stroma 
(lamina propria) of the colon mucosa in all the tissue samples 
analysed. Its expression patterns in the different HC and NCT 
colon segments examined showed no differences, suggesting 
that the various conditions depend on disease type rather than 
colon segment. Age was also unrelated to HtrA1 expression 
characteristics. The main finding of the present study was the 
significantly reduced HtrA1 expression found in CRC and UCL 
tissues compared with that in the NCT and HC samples and 
with the tissue specimens from the other patients. In particular, 
HtrA1 expression was similar in the stromal compartment of 
UCL and CRC sections whereas in the epithelial compartment 
it was weaker in UCL than CRC tissue. HtrA1 expression was 
also significantly lower in UCL than UCS samples, suggesting 
that it declines with disease duration, particularly in the 
stromal compartment.

HtrA1 has a functional role both in epithelium and 
stroma compartments. HtrA1 is a serine protease involved 
in important physiological processes, including mainte-
nance of mitochondrial homeostasis, apoptosis and cell 
signalling (32,33). HtrA1 has also the capacity to degrade 
numerous extracellular matrix (ECM) proteins, produced by 
the stromal cells, as well as to decrease biological function 
of vascular endothelial cells, and thus, able to act even in 
the stromal compartment (34,35). The effects of HtrA1 on 

Table III. HtrA1 expression in stromal and epithelial compart-
ments: comparison between the different groups investigated.

	 Stromal	 Epithelium
Disease	 P-value	 P-value

CRC vs. AHD	 0.0001	 0.09
CRC vs. ALD	 0.0001	 0.007
CRC vs. UCL	 1.0	 0.04
CRC vs. UCS	 0.0001	 0.57
CRC vs. D	 0.03	 0.32
CRC vs. NCT	 0.0001	 0.001
CRC vs. HC	 0.0001	 0.0001
ALD vs. AHD	 0.52	 0.54
AHD vs. HC	 1.0	 0.02
ALD vs. HC	 1.0	 0.30
UCL vs. UCS	 0.0008	 0.01
UCL vs. HC	 0.0001	 0.0001
UCL vs. AHD	 0.0001	 0.001
UCL vs. ALD	 0.0001	 0.0001
HC vs. NCT	 0.14	 0.56

CRC, colorectal cancer; AHD, adenoma with high dysplasia; ALD, 
adenoma with low dysplasia; UCL, ulcerative colitis - duration of dis-
ease >10 years; UCS, ulcerative colitis - duration of disease <5 years; 
D, diverticulitis; NCT, normal colon tissues; HC, healthy controls. 

Table  II. HtrA1 expression according to the pathologies 
considered.

	 Low	 High
	 expression	 expression
	 ----------------------	 -----------------------
Groups	 No.	 (%)	 No.	 (%)	 P-valuea

Stromal compartment
  CRC	 31	 83.8	 6	 16.2	 <0.0001
  AHD	 1	 4.4	 22	 95.6
  ALD	 1	 3.9	 25	 96.1
  UCL	 15	 83.3	 3	 16.7
  UCS	 5	 26.3	 14	 73.7
  D	 18	 56.2	 14	 43.8
  NCT	 10	 27.0	 27	 73.0
  HC	 1	 2.8	 35	 97.2

Epithelial compartment
  CRC	 24	 64.9	 13	 35.1	 <0.0001
  AHD	 10	 43.5	 13	 56.5
  ALD	 6	 23.1	 20	 76.9
  UCL	 17	 94.4	 1	 5.6
  UCS	 10	 52.6	 9	 47.4
  D	 17	 53.1	 15	 46.9
  NCT	 9	 24.3	 28	 75.7
  HC	 3	 8.3	 33	 91.7

CRC, colorectal cancer; AHD, adenoma with high dysplasia; ALD, 
adenoma with low dysplasia; UCL, ulcerative colitis - duration of 
disease >10  years; UCS, ulcerative colitis - duration of disease 
<5 years; D, diverticulitis; NCT, normal colon tissues; HC, healthy 
controls; aKruskal‑Wallis test.
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proliferation and apoptosis of epithelial cells and the effects 
on the ECM remodelling can intervene at different phases of 
colorectal carcinogenesis. In UCL, both the epithelial prolif-
eration and apoptosis and ECM components in the mucosa 
and submucosa are altered (18,36,37), findings that may link 
the risk of CRC of UCL to the altered expression of HtrA1 
observed in this subset of UC patients.

UCL is a well-known risk factor for CRC development, 
whereas UCS and D patients are not at great r isk 
(16,18,38,39). The similar HtrA1 expression patterns found 
in UCS and D samples in the present study provide support 
for this concept. It may thus be hypothesized that different 
pathological inflammatory microenvironments induce a 
reduction in HtrA1 expression in CRC and UCL, and that 
such low HtrA1 levels underpin the risk of progression to 
CRC. Moreover, different inflammatory soluble factors are 
found in acute and chronic inflammation. In long-standing 
chronic inflammation some molecules foster epithelial 
hyperproliferation and the genetic and epigenetic alterations 
that promote CRC  (17-19,38‑40). It is clearly useful to 
establish which of the specific chronic inf lammatory 
mediators of UCL correlate with HtrA1 expression, but this 
was outside the scope of the present study. However, the 
present data do suggest that HtrA1 may provide an important 
link between UCL and CRC, and that epithelium and stroma 
are differentially affected (41). Notably, it has been suggested 
that HtrA1 responds to different environments in different 
ways, probably due to its secretory characteristic (42), and that 
high HtrA1 levels are associated with chronic inflammatory 
conditions such as rheumatoid arthritis, osteoarthritis and 
macular degeneration (26,27,43‑45). The latter data appear 
to contrast with the decreased HtrA1 expression found in 
UCL, where patterns were similar to those observed in 

CRC. However, it should be noted that different cellular 
and molecular mechanisms act in rheumatoid arthritis, 
osteoarthritis and macular degeneration, which are not 
associated with an increased risk of cancer (45). Furthermore, 
unlike the case of UC and CRC (17), the intestinal microbiota 
do not appear to play an important pathogenic role in these 
inflammatory diseases.

Concerning AHD and ALD tissues, HtrA1 levels were not 
significantly different compared with those measured in HC 
samples in the two mucosal compartments, except for a slight 
reduction found in the epithelial compartment. Since adenoma 
is considered as the main risk factor for sporadic CRC, the 
present data appear to exclude a direct involvement of HtrA1 
in the progression from adenoma to CRC.

HtrA1 does not appear to be involved in the first stage 
of adenoma formation (which is mainly related to APC gene 
mutations) or in the first stage of development of dysplasia in 
adenoma, but rather in a later stage of carcinogenesis. This 
notion is partly supported by the distribution of percentage, 
found in the present study, of HtrA1 expression, histological 
grade and CRC stage. We did not apply a statistical test due 
to the small numbers (data not shown). It is therefore likely 
that different molecular mechanisms are responsible for the 
development of dysplasia in adenoma and chronic UC.

There are important clinical and biological differ-
ences between the adenoma-carcinoma sequence and the 
UCL-carcinoma sequence  (37,46). The molecular basis of 
the adenoma-carcinoma sequence involves first APC gene 
mutations and secondarily p53 mutations (46), whereas in the 
UCL-carcinoma sequence the p53 mutations come first (37). 
The different sequence of events correlated with the different 
behaviour of HtrA1 in UCL and adenoma (AHD and ALD). 
In addition, the fact that adenomatous tissue does not contain 

Table IV. Agreement on immunostaining assessment.

	 Agreement among observers A, B and C
	 Pairwise comparisons (Cohen's κ statistic)
	 Overall agreement	 -------------------------------------------------------------------------------------------------------------------------------------
Disease	 (%)	 A vs. B (95% CI)	 A vs. C (95% CI)	 B vs. C (95% CI)

Stromal compartment
CRC	 92.8	 0.89 (0.69-1.0)	 0.65 (0.35-0.95)	 0.75 (0.49-1.0)
A	 95.2	 93.7 (93.1-94.3)	 93.7 (93.1-94.3)	 93.7 (93.1-94.3)
UC	 100.0	 1.0	 1.0	 1.0
D	 74.0	 0.75 (0.52-0.98)	 0.57 (0.30-0.84)	 0.69 (0.46-0.93)
NCT	 79.3	 0.83 (0.65-1.0)	 0.77 (0.57-0.98)	 0.82 (0.62-1.0)
HC	 92.8	 0.84 (0.67-1.0)	 0.53 (0.28-0.78)	 0.5 (0.25-0.75)

Epithelial compartment
CRC	 83.8	 0.63 (0.40-0.86)	 0.63 (0.40-0.86)	 0.77 (0.54-0.98)
A	 89.1	 75.6 (0.56-0.96)	 82.6 (0.66-0.98)	 68.7 (0.48-0.89)
UC	 94.6	 0.66 (0.35-0.96)	 0.51 (0.13-0.88)	 0.73 (0.46-1.0)
D	 87.4	 0.81 (0.61-1.0)	 0.69 (0.45-0.93)	 0.62 (0.35-0.88)
NCT	 87.4	 0.65 (0.35-0.95)	 0.65 (0.35-0.95)	 0.56 (0.26-0.87)
HC	 85.6	 0.77 (0.47-1.0)	 0.54 (0.14-0.93)	 0.60 (0.25-0.95)

CRC, colorectal cancer; A, adenoma; UC, ulcerative colitis; D, diverticulitis; NCT, normal colon tissues; HC, healthy controls.
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inflammatory components could explain the normal HtrA1 
expression found in adenomas and its downregulation in UCL.

The present findings suggest that HtrA1 may be a prom-
ising marker to identify those UCL patients who are at high 
risk of developing CRC. Studies of larger patient samples are 
also required to demonstrate the ability of HtrA1 to screen 
patients at high risk of developing CRC, who may therefore 
require intensive endoscopic and histological monitoring.
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