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ABSTRACT   In the current study hundred ten of Iraqi patients with colorectal tumors were studied to evaluate the 
expression of Galectin-3 using Tissue microarray-Immunohistochemisty (TMA-IHC) technique. Of them, 

Ninety cases had colorectal carcinoma, and twenty had benign tumors. A group of twenty cases of non-specific coli-
tis and other twenty colonic biopsies with no significant pathology were also studied. Results revealed that Galectin3 
expression was positive in 66.7% of malignant cases. With significant correlation (P=0.04) with tumor grade, compared 
with adenoma cases in which 10% of them showed positive expression of galectin-3.

Introduction:
Among the various types of cancers, colorectal cancer 
(CRC) is a serious and common health problem worldwide. 
This cancer is the third most common visceral malignancy 
with nearly 1.4 million new cases diagnosed in 2012 (Fer-
lay et al., 2013). Despite advances in surgical techniques 
and therapeutic interventions during the past few decades, 
CRC remains a major health problem worldwide due to 
therapy resistance (Akhter et al., 20-8; Kirana et al., 2012). 
Studies aiming at optimizing the diagnostic process and 
treatment of this disease are increasing, which has prob-
ably caused CRC to be one of the most-studied and best 
characterized processes of tumorigenesis. Through more 
biological knowledge of tumorigenesis in CRC, more em-
phasis on early detection and development of new and 
improved treatment regimens (Jemal et al., 2011; Gali-
zia et al., 2012). Because CRC is a major cause of cancer 
related deaths worldwide, a lot of research has been fo-
cused on the discovery and development of biomarkers to 
improve the diagnostic process and to predict treatment 
outcomes. Up till now only a few biomarkers are recom-
mended by expert panels (Marlies et al., 2013). Discovery 
of additional prognostic markers might permit the devel-
opment of guidelines for better management of CRC in 
order to improve overall survival. Although many biomark-
ers have been described, only a select few have provided 
prognostic data. Among those markers, Galectin-3(Gal3), 
an endogenous β-galactoside-binding protein, that is ex-
pressed in a wide range of normal, inflammatory cells  and 
neoplastic tissues and exhibits a variety of biological and 
pathological functions, including effects on RNA process-
ing, cell growth, differentiation, cellular adhesion, growth 
regulation, intracellular signaling, cell to cell interaction 
and exchanges between cells and the extracellular ma-
trix, apoptosis, immune response, malignant transforma-
tion, angiogenesis, invasion and metastasis, and cancer 
drug resistance (Dumic et al., 2006; Fukumori et al., 2007). 
Changes in Gal3 expression and subcellular and intercel-
lular localizations are commonly seen in cancer and pre-
cancerous conditions (Anna et al., 2011). However, there 
are contradictory findings regarding the over or under 
expression of Gal3 in human CRC (Endo et al., 2005; Shi  
et al., 2007; Wu et al., 2013). Higher Gal3 expression in 
colon cancer patients is associated with increased risk of 
metastasis and has been suggested to be a useful prog-

nostic marker (Arfaoui-Toumi et al., 2010). The involvement 
of Gal3 in the invasiveness of colon cancer cells remains to 
be determined (Wu et al., 2014). In contrast, a decrease in 
Gal3 expression levels has also been found in CRC (Lee et 
al., 2013). The aim of this study is to assess the expression 
of Gal3 in colorectal tissue samples, inflammatory and neo-
plastic, from Iraqi patients using TMA-IHC technique, and 
its relation with various clinicopathologic variables.

Materials & Methods:
150 cases of colonic biopsies were collected. Among 
these, 90 cases colorectal cancer, 20 cases benign lesions, 
20 cases non-specific colitis and 20 cases reveal no sig-
nificant pathology. Clinical information regarding patient’s 
age, tumor size, grade, and pathological stage was ob-
tained from the available histological reports. Hematoxy-
lin and Eosin (H&E) stained sections were re-examined by 
two pathologists. All the preparations for tissue microarray 
(TMA) and immunohistochemistry (IHC) were performed in 
Pathology Unit - Southern General Hospital (SGH), Univer-
sity of Glasgow, United Kingdom.  

Construction of tissue microarrays (TMAs)
Tissue cores of 0.6 mm in size were obtained from three 
paraffin-blocks in this cohort. Five tumor tissue cores 
(0.6mm in diameter) were taken from each paraffin block 
with Beecher automated tissue arrayer (Beecher Instru-
ments, Sun Prairie, Wisconsin, USA). The cores were 
placed in a new recipient paraffin block that ultimately 
contained 325 tissue cores. The information of all TMAs 
cases were put in data sheet which called TMA map. This 
TMA map consists of a simple Excel sheet, which served 
as a guideline to blocks arrangement and sequence in 
which they arrayed. Thus the TMA map was contained the 
exact location for each core in TMAs slide or block and 
another map (TMA code map) contained the code num-
ber for each core to each block. TMA block was cut at a 
thickness of 5μm on a microtome cutter (Leica RM2235). 
Sections were then placed on Salinized coated slides, 
(DAKO,UK) and heated at 58°C for 24 hours.

TMA- Immunohistochemistry:  
  IHC was applied on TMA sections. Staining were carried 
out for cathepsin D  Sections were deparaffinized in xy-
lene and rehydrated in decreasing concentration of etha-
nol (100%, 90%, 80%, 70%). Antigen was retrieved using 
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citrate buffer (prepared by dissolving 2.1 gm of citric acid 
powder into 1 litre of dH2O, adjust pH to 6) for 10 min 
in pressure cooker. Slides were incubated in peroxidase – 
blocking solution (Dako,  ready- to- use) for 20 minutes. 
Non-specific binding of antibodies was blocked by the 
addition of 2.5% normal horse serum, from (ImmPRESS™  
,Vector , USA).

 Primary antibodies were diluted (1:200) using antibody 
diluant ( ready-to-use, Code No. (ab64211)   abcam, 
Cambridge, UK), and incubated for 1 hour at room tem-
perature. Mouse monoclonal antibodies kit from (Abcam, 
Cambridge, UK ) was used to detect primary antibodies. 
Secondary antibodies (Anti Mouse peroxidase , Cat. No. 
MP-7402, ImmPRESS™  Vector, USA) was applied to the 
slides and incubated for 30 minutes at room tempera-
ture in a humidified chamber. The colorimetric detection 
of reaction was achieved by the Diaminobenzidine (DAB) 
Peroxidase Substrate method. Then, sections were coun-
terstained with haematoxylin, dehydrated, and mounted. 
Tissue microarray slides scanned by using of digital image 
scanning analysis computer,( NDP, U10074-01, UK).

Scoring system of IHC in TMAs:
Gal3 expression was detected by the presence of dark 
brown precipitate in the cytoplasm and\or nucleus (Thiago 
et al., 2014). The expression was scored as follow; score 
1 (negative or weak) for no staining or when less than 
50% of tumor cells were stained, and score 2 (moderate 
or strong) when ≥50% of tumor cells were stained as de-
scribed by (Arfaoui-Toumi et al., 2010 and Thiago et al., 
2014)  

Statistical analyses
Statistical analysis was carried out using (SPSS V. 20). 
The association between Gal3 and patient clinico-patho-
logical features was assessed by chi -square test and Fish-
er exact test when the Chi square test was not fit.  
Statistical tests were approved by assuming a null hypoth-
esis of no difference between variables, a probability was 
considered statistically significant when P values ≤ 0.05.

Results & Discussion:
Gal3 positive expression was observed as a dark brown cy-
toplasmic precipitate. In this study, 90% of total adenoma 
group showed negative to weak expression (score 1) when 
stained with Gal3, and only 10% showed moderate to 
strong expression (score2) of cytoplasmic Gal3. In compari-
son, there were 33.3% of the total malignant cases within 
score 1(negative or weak), whereas there were 66.7% of 
score 2 (moderate or strong) (Figures 1&3).

Figure (1) Expression and scoring of Gal3 in colonic ad-
enoma and colorectal carcinoma

In colitis group, all 20 cases (100%) showed negative   ex-
pression   when stained with Gal3, in comparison with 

sections of colonic biopsies with no significant pathology 
group in which there were55% of the cases within score 1 
and 45% within score 2 (Figures  2 & 3).

Figure (2) Expression and scoring of Gal3 in cases of co-
lonic biopsies with no significant pathology

Figure(3) Immunohistochemical assessment of Galectin 
3.(A: score( 2)  villous adenoma showing moderate to 
strong cytoplasmic Galectin3 expression, ( Hematoxy-
lin & DAB, 20X) B: score( 1) tubular adenoma showing 
negative to weak cytoplasmic Galectin3 expression, ( 
Hematoxylin & DAB, 40X) C: score(1) poorly differenti-
ated adenocarcinoma showing weak cytoplasmic Galec-
tin3 expression (Hematoxylin & DAB, 40X) D: mucinous 
carcinoma showing moderate to strong cytoplasmic Ga-
lectin3 expression (Hematoxylin & DAB, 40X) E: score( 
1) colitis tissue showing negative  cytoplasmic Galectin3 
expression, ( Hematoxylin & DAB, 20X)  F: score( 2) 
normal colon showing strong cytoplasmic Galectin3 ex-
pression,  ( Hematoxylin & DAB, 20X).

Association of Galectin3 expression with clinicopatho-
logical features:
A-	 Association of Galectin 3 expression with age:
Results showed no significant correlation between Gal 3 
expression and age in all study groups (Table 1).

Table (1) Association of Galectin 3 expression with age.

Groups Age 
(years)

No. of 
cases

n          
%

Score 
1

n          
%

Score 2

n          
%

Fish-
er 
exact 
test

*P
value
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Carci-
noma

≤ 55 43          
47.7

15          
16.6

28          
31.1 0.2 1.00

> 55 47          
52.3

17          
18.9

30           
33.3

adeno-
ma

≤ 55 14            
70

12            
60

2              
10

0.5 1.00
> 55 6            

30
6             
30

0                
0

Colitis
≤ 55 16             

80
16             
80

0                
0

1.00 1.00
> 55 4              

20
4              
20

0                
0

No sig-
nificant 
pathol-
ogy

≤ 55 17            
85

9               
45

8               
40 0.4 1.00

> 55 3              
15

2               
10

1                  
5

(*P˂ 0.05)

B-	 Association of Gal 3 expression with gender :
Results showed no significant differences in the expression 
of Gal3 between male and female in the study groups (Ta-
ble 2).

Table (2) Association of Gal 3 expression with gender

Groups Gen-
der

No. of 
cases

n          
%

Score 1

n          
%

Score 2

n          
%

Fish-
er 
exact 
test

*P
val-
ue

Carci-
noma

Male 53          
58.8

18         
20

35         
38.8 0.2 0.823

Female 37         
41.2

14          
15.6

23         
25.6

Adeno-
ma

Male 18          
90

13          
65

5          
25 0.6 1.00

Female 2          
10

2         
10

---          
---

Colitis
Male 12          

60
12          
60

---          
--- 1 1.00

Female 8          
40

8          
40

---          
---

No sig-
nificant 
pathol-
ogy

Male 14          
70

7         
35

7         
35 0.3 0.642

Female 6          
30

4          
20

2         
10

(*P˂ 0.05)

C-Association of Gal 3 expression with tumor site:
There was no significant correlation between Gal 3 expres-
sion and tumor site in adenoma and carcinoma groups (Ta-
ble 3).

Table (3) Association of Gal 3 expression with tumor 
site.

Groups Tumor 
site

No. of 
cases

n          
%

Score 1

n          
%

Score 2

n          
%

Fish-
er 
exact 
test

P

value

Carci-
noma

Rt. Colon 28          
31.2

6         
6.6

22         
24.6 2.7 0.062

Lt. Colon 62         
68.8

26          
28.9

36          
40.0

Ade-
noma

Rt. Colon 4          
20

4          
20

---          
--- 0.2 0.474

Lt. Colon 16          
80

14          
70

2         
10

(*P˂ 0.05)

D-Association of Gal 3 expression with tumor type, 
stage & grade:
This study revealed that there was a significant differenc-
es (P=0.04) in the expression of Gal 3 with grade, but not 
with stage (Table 4).The highest expression of Gal 3was in 

poorly differentiated comprising (30\36) of cases whereas 
the moderately differentiated cases showed the lowest 
proportion of Gal3 expression (11\25)of cases .

Table (4) Association of Gal 3 expression with tumor 
stage & grade.

  (*P˂ 0.05)

Early diagnosis of CRC, successful surgical  treatment, bet-
ter knowledge of its clinicopathological  prognostic factors 
and response to adjuvant therapy have participated to im-
proved outcome in affected patients. Therefore, identifi-
cation of molecular markers progression associated with 
carcinogenesis, tumor growth, invasion and metastasis has 
been critical to develop potential therapeutic intervention 
(Doger et al., 2006).

Gal-3 is a β-galactoside binding, small molecular weight 
protein (about 30,000Da) was described as a versatile mul-
tifunctional protein involved in multiple biological process-
es, including cell growth, cell cycle progression, cell mi-
gration, cell adherence, proliferation, differentiation, RNA 
processing, negative regulation of apoptotic mechanisms 
and malignant transformation (Hittelet et al., 2003; Ibrahim 
et al., 2015). Some researches hypothesized that there is 
a prognostic value of Gal-3 expression in colorectal cancer 
as a marker of progression & metastatic potential (Bresa-
lier et al., 1998; Nakamura et al., 1999 ; Nangia-Makker 
et al., 2002; Nagy et al., 2003; Ibrahim et al.,2015). How-
ever, opposite results were reported in others, regarding 
the prognostic value of Gal-3 expression in colon cancer 
as the pattern of immunohistochemical Gal- 3expression in 
human colorectal cancer was a matter of debate because 
some investigators found increasing Gal-3 levels in colo-
rectal cancer progression, whereas others did not (  Lahm 
et al., 2001; Tsuboi et al., 2007).

The current  study demonstrated moderate to strong  ex-
pression of  Gal-3 in (66.7% )of malignant cases whereas 
negative to  weak  expression comprised the remaining 
(33.3%), compared to cases of colonic biopsies with no 
significant pathology in which there were (45% )of mod-
erate to strong expression versus( 55% ) were  negative 
expression. The increased Gal -3 expression in CRC cases 
in the current study agrees with findings of many studies, 
(Lee et al., 1991, Ohannesian et al. , 1994, Schoeppner 
et al. 1995, Sanjuan et al. 1997, Endo et al. 2005, Tsuboi 
et al. 2007 and Arfaoui-Toumi et al. 2010), all agreed that 
Gal-3 expression increases in colorectal cancer.  For in-
stance; Endo et al.  (2005) reported (65%) of  malignant 
cases were  strong positive for Gal-3 expression, as well as  
Sanjuán et al. (1997) who mentioned that the cytoplasmic 
expression of Gal3 in carcinoma cases was ( 64% ), and  
Ibrahim  et al.  (2015)  stated that Gal 3 expression was 
moderate to strong positive in (68.4%) of total colorectal 
carcinoma studied cases. While, Povegliano et al. (2011) 
recorded that the immunoexpression of Gal-3 was moder-
ate or strong in (42%) of the colorectal tumors. 

Previous studies have revealed that Gal-3 overexpression 
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is correlated with increased metastatic potential in cancer 
(Tsuboi et al. 2007).  Bresalier et al. (1998) reported that 
Gal-3 expression was correlated with colon cancer metas-
tasis, Arfaoui-Toumi et al. (2010) investigated the involve-
ment of Gal-3 in colorectal cancer development by im-
munohistochemical analysis and concluded that, Gal-3 
played an important role in colorectal cancer progression 
concerning the non mucinous carcinoma and could be 
used as a prognostic factor to predict poor outcome of 
patients. They showed a strong and diffuse positive stain-
ing of Gal 3 in both adjacent and distanced normal mu-
cosa, in well differentiated adenocarcinoma and in metas-
tasis. However, they noted a progressive decrease of Gal 
3 staining according to the decreasing degree of tumoral 
differentiation. They also observed a loss of Gal3 in ade-
nocarcinoma with mucinous component< 50%, where the 
positive staining was limited only to the well differentiated 
areas of tumor.  Wu et al. (2007) explored the correlation 
between the expressions of Gal-3 and lymph node metas-
tasis of colon cancer and concluded that Gal-3 expression 
was higher in tumors with lymph node metastasis than the 
tumors without metastasis and it might serve as a prognos-
tic indicator for colon cancer patients .  Huang et al. (2008) 
observed the expression of Gal-3 in the liver metastasis of 
colon cancer in mice and found that the expression of Gal-
3 was significantly increased in the liver metastasis of colon 
cancer. However, the role played by Gal-3 in CRC biology 
is still controversial, Yoshii et al. (2002) thought that the 
anti-apoptotic activity of Gal-3 was regulated by its phos-
phorylation. While John et al. (2003) explained that Gal-3 
provides tumor cells with anti-apoptotic and antianoikis 
activities, which are thought to be critical for anchorage-
independent cell survival in the circulation that takes place 
during dissemination. Endo et al. (2005) hypothesized 
that Gal-3 modulates malignant behavior through interac-
tion with its ligand mucin-2 (MUC2) which plays an impor-
tant role in colon cancer metastasis and progression. And 
Ahmed et al. (2011) summarized the crucial roles of Gal-3 
anticancer activities through its cytoplasmic anti-apoptotic 
properties, angiogenesis promoting, involving in homo-
typic aggregation, tumor –endothelial cell interactions re-
quired for metastasis which is mediated by endothelium 
associated Gal3 and cancer cell associated TF-disaccharide 
(TFD), and the tumor cells secreted Gal-3 induces apopto-
sis of cancer infiltrating T cells, thus, to promote immune 
escape and tumor progression.

In contrast, the  expression of Gal-3 in cases of no signifi-
cant pathology was less than that of carcinoma cases, and 
this goes in concordance with  Legendre et al.(2003) who 
confirmed that the level of expression of Gal-3 was sig-
nificantly higher in epithelial tumor tissues when compared 
with normal epithelial specimens, Nakamura et al.(1999) 
observed that  normal mucosa of  patients were strongly 
positive for Gal-3  in (31.6%)of specimens , but the stain-
ing in these tissues was still significantly less than in the 
lesions of the cancer.  The presence of Gal-3  in tumor free 
colonic tissues support that the Gal-3 is normally devel-
oped and expressed in various cells and tissues, and dis-
plays multiple related functions(Ahmed et al., 2011;Tuğçe, 
2012).  Barrow et al. (2011) concluded that Gal-3 is ex-
pressed in the human colon and rectum and its expres-
sion show significant changes during colorectal cancer 
development and metastasis. And these changes in Gal-3 
expression correlate with alterations in cancer cell growth, 
apoptosis, cell–cell and cell–matrix interactions and angio-
genesis.

Other finding in this work, that the expression of Gal-3 in 

colonic adenoma was (90%) negative to weak compared 
to only (10%) of moderate to strong positive expression, 
which were slightly lower than what was reported  by San-
juán et al. (1997) who stated that cytoplasmic expression 
of Gal3 was down-regulated in adenomas (16%) compared 
to carcinoma(64%) and normal mucosa (100%).  Fathi 
(2013) found that Gal-3 was expressed in (33.3%, 5out of 
15) of adenomatous cases compared to (91.4%, 32/35) 
of cases of colorectal adenocarcinoma. And James et al. 
(2008)   stated in their study that Gal-3 expression in ad-
enomatous tissues was significantly lower than that of high 
grade dysplasia and early invasive cancer (p=0.008), which 
is most agreement with our results. Otherwise, our results 
disagree with Greco et al. (2004) who found that Gal-3 
expression was found significantly higher on the surface 
of cells from adenoma samples with respect to the corre-
sponding healthy mucosal cells.

In colitis group, all cases showed negative or weak ex-
pression of Gal-3 and this agree with Arfaoui-Toumi et al.( 
2010) and Müller et al. (2006), they concluded that Gal-3  
was significantly downregulated in inflamed biopsies from 
inflammatory bowel disease patients, recommending  that 
downregulation of epithelial Gal-3 in the inflamed mucosa 
reflects a normal immunological consequence, whereas 
under non-inflammatory conditions, its constitutive expres-
sion may help to prevent inappropriate immune responses 
against commensal bacteria or food compounds. There-
fore, Gal-3 may prove valuable for manipulating disease 
activity. Mathieu et al. (2008) observed in their evaluation 
of  Gal-3 expression in acute and chronic colitis in Balb-
C mice, that chronic colitis was associated with decreased 
expression of Gal-3 whereas acute colitis showed increased 
expression suggesting an inversely correlation with Gal-3 
expression in stages of colonic colitis. 

In the current study no statistically significant relationship 
could be seen between Gal-3 expression and the age (P 
value =1.00), this goes in agreement to what was demon-
strated by Endo et al. (2005), Tsuboi et al. (2007) and Ibra-
him et al. (2015), that insignificant statistical relationship 
could be found between Gal-3 expression and age (P val-
ue = non-significant , P value = 0.93 and  P value =0.323 ) 
respectively.

Also, no statistically significant relationship could be de-
tected between Gal-3 expression and gender in cancer 
group (P value =0.823) in this study, and this goes in har-
mony with what was reported by Endo et al. (2005), Tsub-
oi et al. (2007) and Ibrahim et al. (2015) that insignificant 
statistical relationship could be observed between Gal 3 
expression and sex (P value = insignificant, P value =0.15 
and P value=0.875) respectively.

As well, insignificant relationship was detected between 
Gal-3 expression and the tumor site (P value=0.062), and 
this matched to what was reported by  Endo et al. (2005) 
that no significant relationship (P value = nonsignificant) 
could be found between Gal-3 expression and tumor site, 
but our result was on the contrary with the results obtained 
by  Ibrahim et al.(2015) who detected a significant rela-
tionship between Gal-3 expression and the tumor site (P 
value=0.038)where Gal-3  expression positive cases were 
predominantly in rectum, considering that the rectum was 
the predominating site in their study population.

Other hand, although (8\9) cases of mucinous carcinoma 
shows moderate to strong expression of Gal-3, no statisti-
cally significant differences was detected in Gal-3  expres-
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sion between adenocarcinoma and mucinous carcinonma 
(P value=0.15). This is reverse the results noted by  Endo 
et al. (2005) who detected significant correlation (P value = 
0.0037) between  Gal-3  expression and tumor type as well 
as  Ibrahim et al.(2015)who detected significant relation-
ship where (89.8%) of conventional adenocarcinoma cases 
were Gal-3 positive while (63.6%) of mucinous carcinoma 
cases were Gal-3 negative (P value <0.001).  Arfaoui-Toumi 
et al. (2010) observed a loss of Gal-3 in adenocarcinoma 
with mucinous component< 50%, where the positive stain-
ing was limited only to the well differentiated areas of tu-
mor.

The current study revealed no significant differences in the 
expression of Gal-3 among Dukes’ stages (P= 0.805). This 
result was in agreement with reports of Nagy et al. (2003) 
and Tsuboi et al. (2007), that no significant variation was 
observed in Gal-3 expression when the Dukes’ stages in-
creased from A to C. In contrast, our findings weren’t 
coinciding with Endo et al. (2005) regarding the relation-
ship between modified Dukes’ stage and Gal-3 expression 
among their studied cases, since there were significant dif-
ferences (P value=0.0004) as well as  Ibrahim et al. (2015)
who found a statistically significant relationship between 
Gal-3 expression and modified Dukes’ stage where (98%) 
of positive Gal-3 cases where modified Dukes’ stage 
B&C (49%) each, (P value=0.018). Additionally, James et 
al.(2008) mentioned that Gal-3 expression varied according 
to Dukes’ stages and they detected significant differences 
(P=0.016) among different stages.

A statistically significant relationship (P value=0.04) was 
detected between Gal-3  expression and the histological 
grade, where the largest expression of Gal-3 was in poor-
ly differentiated cases (30\36), than in well differentiated 
(17\29) and the lowest was in moderately differentiated 
cases(11\25). The results reveal that there was an increase 
in Gal-3 expression in relation to the increasing degree of 
tumor differentiation which indicate poor outcome. These 
results disagree with Tsuboi et al.(2007) who observed no 
significant differences (P=0.2) in Gal-3  expression  in tu-
mor surface among tumor grades, but the results agree 
with  Endo et al.(2005)and Dawson et al.(2013)who ob-
served  significant differences in Gal-3 expression among 
tumor grades (P=0.0037 & P value=0.002 )respectively. 
Previous studies had controversial findings,  Arfaoui-Tou-
mi et al.(2010) observed that there was a progressive de-
crease in Gal-3  expression in relation to decreasing de-
gree of tumor differentiation, while Ibrahim et al.(2015) 
detected significant correlation(P value=0.002) between 
Gal-3 expression and the histological grade where the ex-
pression increased with decreasing the degree of tumor 
differentiation.  
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